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EXECQUTIVE SUMMARY

This report was requested by the New Hampshire Department of
Envirommental Services to provide them with a basis for evaluating the
concept of providing a regional water supply along Route 108. The
camunities included in the study area were Exeter, Stratham, Newfields,
Newmarket, Durham, Madbury, Dover, and Scmersworth.

cammunities and preliminary estimates of future water deficits are
projected for 2010. Water supply deficits in the year 2010 for the study
area towns were estimated as the difference between the projected 2010
average day demand and the reported capacity of the existing systems. The
total deficit in the study area used for planning purposes was
approximately 4 mod.

The water supply alternative described in this report is a pipeline
along Route 108 with the Lamprey River as the water supply source. In
order to develop the Lamprey River as a regional water supply source
investigation into reservoir storage, the minimm streamflow requirements,
and water treatment would be required. A water supply pipeline along
Route 108 as described in this report would have no available elevation
head. Thus water would need to be pumped to the cammmnities in the study
area.

In order to select the best plan for future water supply, the costs
and envirommental impacts of several alternatives should be evaluated such
as water conservation, repair of existing infrastructure to decrease
system leakage, development of local groundwater sources, and development
of other surface water sources.

Before a water supply feasibility study is undertaken the Department
of Envirormental Services and the mmicipal water supply agencies in the
study area cammnities should develop a policy statement agreeing to
jointly investigate and implement the best plan for future water supply.
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LIST OF TERMS

Average Day Demand. A cammunities total water use for the year divided by
the mumber of days in the year.

Qubic Feet per Secord (cfs). Unit of measurement for water flow in a
stream or pipe.

@lm;gm (QPCG)- Water use per person per day. May
include residential, commercial, industrial, and unaccounted for water
use.

Million Gallons per Day (mgd). Unit of measurement for rate of water use.

Million Gallons (mg). Unit of measurement for volume of water.
Natjonal Geodetic Vertical Datum (NGVD). Mean Sea level datum of 1929.
Pounds per square inch (psi). Unitofmaé&mrtforwaterpmssum.
Safe Yijeld. The maximm daily quantity of water which can be guaranteed
during a critical dry period. The critical period is often taken as the
lowest natural flow on record for the stream. With storage a flow

approaching the mean annual flow may be developed providing it is
econamically, envirormentally, and technically feasible.
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I. INTRODUCTION

STUDY AUTHCRITY

Authority for this study is contained in Section 22, Public Law 93-251
as amended, "Plamning Assistance to States" which authorizes cooperation
mthuaestatas mtheprepamtlmofplans for the development,
utilization, and conservation of water and related resources.

STUDY PURFOSE

The New Hampshire, Department of Envirormental Services (DES)
reqmstedtheRouteloewatersupplyst\ﬂytopravmttmmﬂz
pxelimnaxy information on a water supply pipeline along route 108. This
mfornatlmlstobeusedaspartoftheucverallmgmnalwatersupply
plammgeffortarximllhelpﬂmmfumredeclslmnaluxg The New
Hanpshirelmlsmfavorofmglmalizmgmterszpplysystasmthls
areabetnuseofpmjectedpopulatlmgrwmmmmterdanands
operatlmalproblemsmthmllmvatesystals and potential chemical
contamination of existing groundwater supplies. The Public Utilities
cam;smmmNewHanpstunelsbegimmngkmaraglmalplamlrg
studywhldanlemmneﬂlepohtlmlaspectsofmtemmectngNew
Hampshire commmnities.

STUDY SOOPE

'nllslsaplamj:gsb.ﬁyforﬂnpmposeofprandmgprehmmary
information that will help in future decision making. This study reports

on the concept of providing a regional water supply system from Exeter to
Sanexsmrthwlﬁxtheplpsfollowimthem:teloaallgxwm The eight
cmmmltlesalorgnmteloamluiedmthesuﬁyaneaambneter
Stratham, Newfields, Newmarket, Durham, Madbury, Dover, and Samersworth.
Ihescopeofthesmdywasdevelopedafterneetngsmﬁtelqhmeoormact
with DES personnel, local water supply officials, and other interested
partmstoobtammfomtimanddismssthecmoeptofaregmnalwater

supply system.
Plaming a regional water supply requires:

e an analysis of projected future water deficit in the
study cammunities;

e an identification of regional sources of water;
® an investigation of the safe yield of that source;
e design of a water treatment plant;



e design of a water supply pipeline;

e and consideration of comnections to existing water supply
systems.

This report addresses the following issues:

® an identification and description of existing mmicipal water
supply systems in the study cammmnities;
® a preliminary estimate of the future need for additional water
supply in the year 2010;
e a discussion of one source of water;
e and preliminary design considerations for a pipeline.
The issues of water treatment plant design and impacts associated with the
project are not addressed.

The New Hampshire Department of Envirormental Services was also
interested in the concept of intercomnecting the towns by installing
piping between each of the study area towns to service local needs.
However developing the hydraulics and econamics for this alternative was
beyond the scope of this study.

OTHER STUDIES

Past studies prepared by the Army Corps of Engineers for the State of
New Hampshire on the issues of water supply and hydrology include the
following reports:

"Southeast New Hampshire Water Supply Study, Estimated Demands
and Resource Availability®, July 1976;

"Magnitude and Frequency of Low Streamflows in New Hampshire®,
December, 1980;

"Southeastern New Hampshire Water Resources Study, Feasibility
Report", August 1982;

“Guidance for Estimating Reservoir Yields", December 1986;

"Inventory of Potential Reservoir Sites State of New Hampshire",
March 1987.

The "Southeast New Hampshire Water Supply Study" report examines the
future water supply need of cammmnities in the seacocast region of New



The "Magnitude and Frequency of Low Streamflows in New Hampshire"
report includes an analysis of streamflow data to determine low flow
frequencies and durations for ungaged streams. The report also identified
existing water resources projects having significant effects on low flows.

The "Southeastern New Hampshire Water Resources Study, Feasibility
Report" examines the water supply needs in fifty Southeastern New
Hampshire cammmnities and suggests potential reservoir sites and
groundwater aquifers that could be developed to meet the needs of the
study area.

The "Guidance for Estmatmg Reservoir Yields" report presents a
review and analy51s of reservoir storage yield relationships for
watersheds in New Hampshire. The developed storage yield relationship

stmldserveasagumeforperfommprelimmaryassmmsof
reservoir sites.

me"ImentoryofPatenualeemirsitesStateofNedHanpshm
reportpmvndesanlmmtoryofpcbentialmewoirsmesmdnhadbeen
previously studied by the Corps of Engineers and the Soil Conservation

Service. This data base was campiled to provide a listing of potential
sites for water supply, flood control, and recreation.



II. EXISTING CONDITIONS

MUNICIPAL WATER SUPPLIES

In this study, the existing water supply facilities in eight
camunities along Route 108 were examined. The towns of Dover, Durham,
Exeter, Newfields, Newmarket, and Samersworth have existing mmicipal
water supply systems. 'memxsofuadbnyarﬂstxaﬂmdomthave
existing mmicipal water supply systems. An existing systems map for the
study area is provided in Plate 1.

Information on the existing systems in the study area cammmities was
adbtained from the report entitled "Public Water Supplies, Facilities, and
Policy Summary" (New Hampshire Water Supply and Pollution Control
Camnission, 1983), from a review of 1986 inventory sheets submitted to the
NH Department of Envirormental Services by the water departments, and from
camunication with the water departments. All elevations reported for the
storage tanks are assumed to be relative to the National Geodetic Vertical
Datum (NGVD) .

Information was campiled on sources of supply and reported yield,
water treatment capacity, existing distribution storage and distribution
mains, reported average day demand, and estimates of the percent of the
cammunity served by the mmicipal water supply system. For purposes of
this report the reported yield of the municipal systems were assumed to be
the safe yield of these systems. Generally safe yield is the reliability
of the system to deliver a specified flow under the most adverse dry
weather canditions to be expected. The percent of a commmity served by
themmicipalmtersupplysystanvasestimatedbydividjrgthereported
service population by the total population. Where the service population
was not reported it was estimated by multiplying the mmber of service
cannections by 3.2 persons per service connection.
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COMMUNITY OF DOVER

Dover relies on groundwater supply consisting of 6 wells. The
cambined reported yield of the wells is 3.73 million gallons per day
(mxd) . The distribution system includes a 4 million gallon (mg)
distribution storage tank and distribution mains range in size from from 2
to 16 inches. The reported average day demand in 1986 was 2.3 myd. For
purposes of this study it was estimated that 99 percent of the population
is served by the system. Dover water works is currently in the process of
developing additional ground water supply in an area known as the Hoppers
off of Glen Hill Road (8 inch test well in place). The Dover mmicipal
landfill located off of Tolend Road is an identified hazardous waste site
approximately 3000 ft south of one of the supply wells. Information on
the Dover Water Works is presented in the following table.

o]

IARLE 1
DOVER WATER WORKS

SOURCES OF SUPPLY REPORTED YIELD(MGD)
1.GP CUMMINGS 0.5
2.GP IRELAND 0.8
3.GP GRIFFIN 0.75
4.GP CALDERWOOD 0.85
5.GP HUGHES 0.43
6. SMITH 0.4
TOTAL 3.73

TREATMENT OF SOURCES REPORTED CAPACTITY (MGD)

1. GP CUMMINGS 0.85
2. SMITH
KMnO4 addition, pressure filtration

DISTRITBUTION STORAGE

1.GARRISON HILL RESERVOIR

CAPACTTY (MG) : 4
FOUNDATION EIEV.(FT): 272
OVERFLOW ELEV. (FT): 305

DISTRIBUTION MAINS

TYPE OF PIPE: DUCTILE IRON AND CEMENT ASEESTOS
MINIMUM PIPE SIZE(INCH): 2
MAXTMUM PIPE SIZE(INCH): 16



COMMUNTITY OF DURHAM

The town of Durham relies aon surface and groundwater sources. The
University of New Hampehire (UNH) owns and operates the water treatment
plant and pumps water fram the Oyster River to supply the University and
municipal distribution system. Water is infrequently pumped from the
Lamprey River to the Oyster River for fire fighting purposes, pump
capacity not known (pers camm., UNH water treatment plant, 1988). For
pnpossofthisshﬂyﬂxeexistimtreatnentplantapacityofl&ngd
mstakenasthemmtofwaterthesystancaﬂdbeexpectedtos:pplyon
an average daily basis. The distribution system includes three storage
tankswithacmbinedcapacityofLSngmﬂthedistrihxtimminsmnge
in size from 2 to 12 inches. The reported average day demand in 1986 was
1 myd. For purposes of this study it was estimated that 61 percent of the
population is served by the system. Information on the Durham water works
is presented in the following table. '

IABLE 2
DURHAM WATER WORKS
SOURCES OF SUPPLY REPORTED YTELD(MGD)
1.0YSTER RIVER 1.7 (allowed pumping)
2.1IAMPREY RIVER (fire fighting only)
3.GP WELL IN 1EE 0.5
TOTAL 2.2

TREATMENT OF SOURCES REPORTED CAPACITY (MGD)

WATER TREATMENT PLANT 1.4
Alum, NaCH addition, sedimentation, gravity filtration,
NaF, chlorine gas

DISTRIBUTION STORAGE

1.EDGEWOOD RD.
CAPACTTY (MG) : 1
OVERFLOW ELEV. (FT) : 211.6
2.FOSS FARM ROAD
CAPACTTY (MG) : 3
OVERFLOW EIEV. (FT): 211.6
3.BEECH HILL
CAPACTTY (M3) : 0.6
FOUNDATION ELEV. (FT): 278
OVERFLOW ELEV. (FT): 310

DISTRTBUTION MAINS

TYPE OF PIPE: CAST OR DUCTILE IRON
MINIMM PIFE SIZE(INCH): 2
MAXIMUM PIPE SIZE(INCH): 12



CCMMONITY OF EXETER

Exeter is supplied by surface water and groundwater sources. The
total cambined yield of these sources is 2.58 mgd. This estimate does not
include wells which have been abandoned by the town. The reported
capacity of the water treatment plant is 1.8 mgd. Exeter is currently
lod:irgirrboupgradhgﬂnmdstirgmtartreaﬁmﬁplantmﬂbringﬁgme
abandoned wells back on line. For purposes of the study the existing
treatment plant capacity of 1.8 myd was taken as the amount of water the
System could be expected to supply on an average daily basis. The
distﬁhxtimsystancmsistsonstoragetamcswithacmbinedcapacity
of 2 my and the distribution mains range in size from 4 to 12 inches. The
reported average day demand in 1986 was 1 mgd. For purposes of this study
itwasestinatedthat%percentofthepqmlatimissewedbytbe
system. Information on the Exeter Water Department is presented in the
following table.

IABLE 3
EXETER WATER DEPARTMENT
SOURCES OF SUPPLY REPORTED YIELD (MGD)
1.DEARBORN BROOK 0.5
2.EXETER RIVER 2 (2.5 FIMP CAP.)
3.SKINNER SPRING WELL 0.08
TOTAL 2.58

TREATMENT OF SOURCES: REFORTED CAPACITY (MGD)
WATER TREATMENT PLANT 1.8

KMnO4, Alum, Na-aluminate, NaCH addition,

tube settlers, gravity filtration, hypochlorite.

DISTRIBUTION STORAGE

1.FULLER IANE
CAPACTITY (MG) : 1
OVERFLOW ELEV. (FT): 140
2.EPPING ROAD
CAPACITY (MG) : 1
OVERFIOW ELEV. (FT): 140

DISTRIBUTION MAINS

TYPE OF PIPE: CAST OR DUCTILE IRON
MINIMUM PIPE SIZE(INCH): 4
MAXIMM PIPE SIZE(INCH): 12
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COMMUNITY OF NEWFIELDS

Newfields is supplied by groundwater sources. The total cambined
reported yield of the wells is approximately 0.14 mpd. The distribution
stozageincluiesonestcmgetankwithampacityofo.zmngamme
distribution mains range in size from 4 to 12 inches. The reported
average day demand in 1986 was 0.04 mod. For purposes of this study it
msestjmtedthatSSpemmtofthepopulatimisservedbythesystan.
Information on the Newfields Water Department is presented in the
following table.

JABLE 4
NEWFIELDS WATER DEPARTMENT

SOURCES OF SUPPLY REPORTED YIELD(MGD)
1.GP #1 0.030

2.GP #2 AND #4 0.049

3.BR #3 0.022 (1)

4.BR AT PS 0.034

TOTAL 0.135

TREATMENT OF SOURCES REPORTED CAPACITY (MGD)
WATER AT WELLS BEING AUTCMATICALLY CHLORINATED

DISTRTBUTION STORAGE

1.MAIN ST.
CAPACITY (MG) : 0.207
OVERFLOW ELEV. (FT): 179

DISTRIBUTION MAINS

TYPE OF PIPE: DUCTILE IRON, ASBESTOS CEMENT, PLASTIC
MINIMMM PIPE SIZE(INCH): 4
MAXIMIM PIPE SIZE(INCH): 12

(1) Since this information was campiled Bedrock well #3 has been shut down
due to contamination (pers. comm. NH DES, 1988).



COMMUNITY OF NEWMARKET

Newmarket is supplied by surface and qroundwater sources. The two
surface water sources are the Picassic River and Follet‘s Brook. When
flow in the brook is low water can be pumped from a well into the brook.
Water from these sources is treated at the water treatment plant. Cambined
reported yield of these sources is 0.79 myd. In addition there are two
wells that feed directly into the distribution system with a combined
yield of 0.46 mod. The distribution storage includes ane storage tank
with a capacity of 0.75 my and the distribution mains range in size fram 2
to 14 inches. The reported demand in 1986 was 0.5 mxd. For purposes of
thissuxiyitwasestimtedﬂ\atGOpexoentofﬁ:epopulatimisservedby
the system. The town of Newmarket expects to have a new water treatment
plant in 3 to 5 years. Information on the Newmarket Water Works is

presented in the following table.

IABLE S
NEWMARKET WATER WORKS
SOURCES OF SUPPLY REPORTED YIELD(MGD)

1.FOLLETT’S BROOK

2.FOLLETT’S BROOK WELL 0.07 (PUMPS INTO BROOK)
3.PISCASSIC RIVER

QOMBINED YIEID OF #1,2,3 0.79

4.BENNET RTE 152 WELL 0.23
5.SEWALL WELL 0.23
TOTAL 1.25

TREATMENT OF SOURCES REPORTED CAPACITY (MGD)

WATER TREATMENT PLANT 0.79
Alum, lime, gravity filtration, hypochlorite

DISTRIBUTION STORAGE

1.GREAT HILL
CAPACTTY (MG) : 0.75
FOUNDATION ELEV.: 199
OVERFLOW ELEV. (FT): 257

DISTRIBUTION MAINS

TYPE OF PIPE: CAST OR DUCTIIE IRON
MINIMIM PIPE SIZE(INCH): 2
MAXIMUM PIPE SIZE(INCH): 14
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COMMUNITY OF SCMERSWORTH

Samersworth is supplied by surface and groundwater sources. The
surface water source is the Salmon Falls River with a reported yield of 1
mgd. The treatment plant has a reported capacity of 1.2 mgd. There are
two wells in use in the Lily Pond aquifer with a reparted yield of 0.7
mxl. The distribution storage includes two storage tanks with a cambined
capacity of 2 my and the distribution mains range in size from 4 to 16
inches. The reported average day demand in 1986 was 1.22 myd. For
purposes of this study it was estimated that 98 percent of the population
is served by the system. The Samersworth mmnicipal landfill located off
of Blackwater Road is an identified hazardous waste site. Information on
the Scmersworth Water Works is presented in Table 6.

JABLE ©
SOMERSWORTYH WATER WORKS
SOURCES OF SUPPLY REPFORTED YTIELD(MGD)
1.GP #1 & #2 0.7
2.SAIMON FALLS RIVER 1
TOTAL 1.7

TREATMENT OF SOURCES REPORTED CAPACITY (MGD)

WATER TREATMENT PLANT 1.2
polymers, Na-aluminate, KMnO4, Alum, activated carbon,
tube settlers, filtration, sodium hypochlorite, NacH

DISTRIBUTION STORAGE

1.HAMILTON STREET

CAPACTTY (MG) : 1
FOUNDATION ELEV. (FT): 304
OVERFLOW ELEV. (FT): 398
2.ROCKY HILL ROAD

CAPACTTY (MG) : 1
FOUNDATION EIEV.(FT): 304
OVERFLOW ELEV.: 398

DISTRIBUTION MAINS

TYPE OF PIPE: DUCTTIE IRON
MINIMM PIPE SIZE(INCH): 4
MAXIMMM PIPE SIZE(INCH): 16
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ITI. REGIONAL WATER SUPPLY ANALYSIS

In order to project the water deficit for the study conmmities in the
year 2010, population projections and an estimate of future rate of water

use in gallons per capita per day are required.
POFULATION PROJECTIONS

Population in the study area conmmities is expected to increase.
Data on existing and projected population for the commmnities in the study
area was cbtained from the New Hampshire Office of State Planning.

Table 7 contains the population projections for each cammmity to the year
2010. The percent change from 1986 to 2010 is expected to range from an
low of 43 percent for the cammnity of Dover to a high of 117 percent for
the cammunity of Stratham. This expected increase in population will
result in increased water supply demands on the existing mmicipal
systens.

EXETER 11846 14577 19571 25703 117
NEWFIEIDS 846 1036 1330 1679 98
NEWMARKET 6497 6371 - 7983 10137 56
SOMERSWORTH 10572 11762 14176 16654 58
MADBURY 1130 1296 1658 1990 76
STRATHAM 3520 4122 5992 7522 114



GALLONS PER CAPITA PER DAY PROJECTIONS

The concept of per capita water demand allows for a gross estimate of
the water supply needs of an area. This rate varies from cammmity to
camnity, is related to type of land use and standard of living, and
generally shows an increasing trend over time. Data was available on the
average daily demand ard service population for 1983 and 1986. Fram this
data the best estimate of the existing rate of water use was calculated;
and is shown in Table 8. The water use rates calculated for the study
area camunities ranged from 78 gallons per capita per day (gpod) for
Wee.r£3

senrer] £omne T secde meem
Newfields to 136 gpcd for Durham.

IARLE 8
EXISTING WATER USE
Cammunity Population Demand Population Demand GPCD
(maed) (mad)
DOVER 21300 2.100 25300 2.300 95
DURHAM 7000 0.928 7123 1.000 136
EXETER 11000 0.907 10000 1.000 91
NEWFIEIDS 474 0.035 506 0.042 78
NERMARKET 2800 0.228 3936 0.500 104
SCMERSWORT 10100 1.300 10500 1.223 123
MADBURY 0 (4] 0 0 105
STRATHAM 0 0 0 0 105

Estimates of gallons per capita per day contained in this report must
be regarded as preliminary. A detailed study of water use in each
commnity would be required to improve the accuracy of these estimates.
These estimates of gpcd include residential, cammercial, public,
industrial, and unaccounted water demand an the existing systems. Average
anmual use for eastern regions of the United States ranges from 64 to 238
gpcd.

WATER DEMAND PROJECTIONS

The above estimates of the gpad and the future population in each
connmitywereusedtomlmlatetheaveragedaydmarﬂonacammity's
water system in the year 2010. The 2010 water supply deficit in a
cmmmitymsstimtadasmediffemnebeuemtheaveragedaydmm
and the existing reported supply. Three different cases were projected.

Case I assumed per capita water use (gpcd) and the percentage of the
population served in the commnities would remain the same. Case I
projections are presemnted in Table 9.



DOVER 35443 99 95 3.34 3.73 0.00

DURHAM 16216 61 136 1.35 1.40 0.00
EXETER 25703 90 91 2.10 1.80 0.30
NEWFIELDS 1679 59 78 0.08 0.14 0.00
NEWMARKET 10137 60 104 0.63 1.25 0.00
SOMERSWORTH 16654 98 123 2.01 1.70 0.31
MADBURY 1990 0 105 0.00 0.00 0.00
STRATHAM 7522 0 105 0.00 0.00 0.00
TOTAL 9.51 10.02 0.61

drivingim:reaseddsnandiquulatimgrwth. Under this scenario there
wuﬂ.dbelittleneedforaregionalwatermpplysystentomeetthe
projected deficit.

casenass.mledpercapitawatermewmldranainmtant, and the
percentageofthepqulatimservadinthecammitybythemmicipal
system would increase to 100 percent.

JABLE 10
GASE II. 2010 AVERAGE DAY DEMAND DEFICIT

ASSUME: PERCENT SERVED INCREASES
GPCD REMAINS CONSTANT

QOMMUNITY 2010 PERCENT USE 2010 REPORTED 2010
£OP. SERVED RAIE DEMAND  SUPPLY
(GPCD)  (MGD) (MGD) (McD)

DOVER 35443 100 95 3.37 3.73 0.00
DURHAM 16216 100 136 2.21 1.40 0.81
EXETER 25703 100 91 2.34 1.80 0.54
NEWFIELDS 1679 100 78 0.13 0.14 0.00
NEWMARKET 10137 100 104 1.05 1.25 0.00
SOMERSWORTH 16654 100 123 2.05 1.70 0.35
MADBURY 1990 100 105 0.21 0.00 0.21
STRATHAM 7522 100 105 0.79 0.00 0.79
TOTAL 12.15 10.02 2.70

14



Under this scenario the cammmnities of Durham, Exeter, Samersworth,
Madbury, and Stratham would need additional water supply by the year 2010.

Case IIT assumed both the service area in each cammnity would expand
arnd the water use rate would increase. It is expected that some increase
in gpcd will occur over the study period as historically there has been an
increasing trend in gpcd in the study area. It is assumed that per capita
water use would increase by 15 percent over the study period. Case III
projections are presented in Table 11.

COMMUNITY 2010 USE 2010  REFORTED 2010
EOP.  SERVED RATE  DEMAND SUPPLY DEFICIT
(GRCD) (MD)  (MGD)  (MOD)

DOVER 35443 100 109 3.86 3.73 0.13
DURHAM 16216 100 156 2.53 1.40 1.13
EXETER 25703 100 105 2.70 1.80 0.90
NEWFIELDS 1679. 100 90 0.15 0.14 0.01
NEWMARKET 10137 100 120 1.22 1.25 0.00
SCMERSWORTH 16654 100 141 2.35 1.70 0.65
MADBURY 1990 100 120 0.24 0.00 0.24
STRATHAM 7522 100 120 0.90 0.00 0.90
TOTAL 13.95 10.02 3.96

Urderthissoemriosevenoftheeightcammitisinthest&ﬂyama
would require additional water supply in 2010. The total projected
deficit is approximately 4 mod. These average day demand deficits ard a
factor of 2, to account for higher maximm day flows, were utilized when
estimating pipe capacity along Route 108. A factor of 2 was chosen based
manexaminatimofthelitemun’eardmma:dmmtoaveragedaymtios
reported for the study cammmities.

EENEFITS OF A REGIONAL WATER SUPPLY CONCEPT

Benefits of constructing a regional water supply system include the
following:

® The ability to supply water to existing mmicipal systems which
may face future water need because of population growth,
increased service area, increased water use rate, and possible
loss of existing supplies to contamination.




¢ Encouragement to a commmity without an existing mmicipal system
to develop the necessary infrastructure to supply water to

e The redundancy offered to a cammmnity, where they would have
access to a water supply pipeline if a portion of their supplies
failed through a contamination incident or some other incident
such as mechanical failure of the well pumps, or clogging of
intake screens.

e The mechanical reliability and water quality reliability of a
regional system with a full time staff is likely to be better
than in smaller scattered systems set up to service residential
or camnercial developments.

The operational and engineering characteristics of a regional water
supply system would require an agency or municipality to take a lead role
in implementation and a full time staff to operate the system. In
discussions with the New Hampshire Department of Envirommental Services
(DES) it was not clear where funding for this type of project would come
from. However, it was suggested by the DES that management setup and
funding would be determined by the local supporters of this regional
system. They also suggested that a cammmity which needs to upgrade its
water treatment system to meet the proposed Federal Safe Drinking Water
Standards may realize same cost benefits in building a larger capacity
water treatment plant and then selling excess water to adjacent
camunities.

SOURCE OF WATER

Analysis of the concept of a water supply pipeline along Route 108
required identification of additional camponents of the regional water
supply system including the source of supply. The New Hampshire
Department of Envirormental Services suggested for the purposes of this
report that the Lamprey River at Newmarket be considered as the source of
supply. The issue of water treatment is not addressed in this study but
treatment would be required if the lamprey River were to be chosen as a

source of supply.

In order to estimate the amount of water available from the Lamprey
Riverforwaterszmlygnpossﬂowrecardsforﬁ)emarestgagewere
examined. There is a stream gage on the Lamprey River approximately 2
miles northwest of Newmarket. The drainage area of the Lamprey River at
Newmarket is approximately 208 square miles. The drainage area at the gage
location is 183 square miles. Data from this gage were used. Daily flow

data for the Lamprey at the gage are presented in Figure 1. The median
daily flow in the Lamprey River at the gage is about 168 cfs (109 md).
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However, forwatersupplyp.nposes,mﬂnxtreservoustorage the
nverlowflowsstmldbeexamnedtoestmatethesafeyieldoftbe
river. The period of flow record used was 1936-1985. For purposes of this
study, the source would be considered safe or reliable if in a ane in 50
year return interval (2 percent chance of occurrence) water would still be
available for supply. The anmual minimm flows for 1 day and 7 day
durations were fitted to a log Pearson type III probability distribution
(USGS 1987). Pemxtdnmeofocamforldayard?daydxmatmns
are presented in Figure 2. Based on these data and considering the 7 day
duration, 50 year return interval, the safe yield of the river would be
3.4 cfs (2.2 md). 'Iheaveragedaﬂydexarddeﬁcmmtheyearzomthat
this alternative would be required to supply is estimated at approximately
4 myd (6.2 cfs). Thus, it is anticipated that the natural stream flows at
themtakemay,attlm be inadequate and a storage scheme of same sort

would be required.

In addition, when estimating the reliable supply of the river it
should be recognized that there may be water supply withdrawal constraints
mposedbysuteagerclestoprotectlrstreamwaterquahtyardfmard
wildlife considerations. The US Fish and Wildlife Service, in a letter
relating to a hydropower development project on the Lamprey River at
Newmarket, recommended that flows in the river be maintained at 105 cfs or
attherateofmflowtotheprojectama,mldxeverlslass If this
cmstramtweremplaceltwmldbelikelythattherevmldbepenodsof
time each summer when no water withdrawal would be allowed from the river
because of these flow constraints. Thus it appears that in order to
developmlsszpplymacmtmxxsbaszsrservoustozagewouldbe
required. No examination was made to determine if adequate storage could
be built in the area or whether inflows to such a project would be
adequate to supply water demand and instream flow requirements.
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FIGURE 1
LAMPREY RIVER FLOW DATA
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PRELIMINARY PIPELINE DESIGN

Based on discussions with the NH Department of Envirormental Services,
1twasassmnedforp:rpossoftmsswythatwaterwmldbep.mpedfran
thelanpmymvertoamtertreamattplautthenintoapipehnealong
Route 108. The pipeline was broken into a series of mains with each
sectlmnmmngfzuntheoutletma:ecmnmltytotheartletmthenext
camumnity. The camunities would be responsible for providing
distribution system extensions, water supply storage, and any additional
pumping.

Maintaining adequate water pressures and delivering the desired rate
of flow to each conmmnity requires appropriately sized pipes as well as
adequate provisions forsupplyugsystanheadelthertlmxghamty
sys‘tanorﬂuulghptmpmg The selection of pipe size and pumping
requirements is usually determined based on hydraulic and econamic
considerations. Oostestamtasanip\mpi:greqmre:mmspraudedmthls
r:eportareforplamugpurposamly, usually to be used in camparison of
altematlvesa:ﬁaremttobeusedasengmeermgestimtes for the
pipeline.

In order to provide preliminary hydraulic and econaomic estimates a
cmpxterprogmdevelopedbytheEmlmmentalIabomtoxyoftheUS.
Army Engineer Waterways Experimental Station called Methodology for
Areawide Planning Studies (MAPS) was used (see appendix). The estimates
of costs and pumping requirements calculated by the computer program are
dependent on the accuracy of the design data assumptions, construction
data assumptions, and econamic assumptions.

The total length of pipeline required along Route 108 fram Dover to
Samersworth is approximately 19 miles. Elevations and distances were
measured fram USGS quadrangles at a scale of 1:24000 with 20 foot contour
intervals. All elevations are assumed to be relative NGVD. Outlet
locations in each commmity were selected in order to allow measurement of
1pelmesect1a'zsarrltoprw1depomtsforelevat1ms Lengths of
pipeline sections and elevations at outlets are presented in Table 12.

20
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TARLE 12

PIPE DESIGN INFORMATION
lepath Initial Final Peak
) i (£r) (£) (£t) (£t) (mad)
Main No.1 ILamprey River,

Newmarket to,

Newfields Outlet 16000 40 40 102 3.62
Main No.2 Newfields to,

Stratham Outlet 11200 40 120 na 3.60
Main No.3 Stratham to,

Exeter Outlet 10000 120 30 na 1.80
Main No.4 Lamprey River,

Newmarket to,

Durham Outlet 19800 40 50 85 4.34
Main No.5 Durham Qutlet,

to Madbury Outlet 12000 50 100 na 2.04
Main No.6 Madbury Outlet,

to Dover Outlet 20400 100 140 na 1.56

Main No.7 Dover Outlet,
to Samersworth 11800 140 206 na 1.30

21




Because the Lamprey River at Newmarket is in the middle of the Route
108 study area, water would flow south from the Lamprey River to
Newfields, Stratham and Exeter; and north to Durham, Madbury, Dover, and
Samersworth. Providing water to each cammmity requires pumping except
from the Stratham outlet to the Exeter outlet. Hydraulics that control
design are the head available and permissible velocities. Estimates of
amount of head required ard velocities for pipe diameters of 8 to 24
mwerecalmlatedbyMPS(seeappaﬂJx) These estimates are based
an projected flow to the commmities, calculation of head loss through the
pipe, changes in elevation along the pipeline, and maintenance of pressure
at the outlets (60 psi). A summary of this information for 12, 14, and 16
inch pipe diameters are presented in Table 13 and an elevatian proflle for
Routeloaandﬂ:ehydraullcgmdelmforasenofMMplpesls

presented in Plate 2. 'Bmestmatesareforplamngwrposs A
detailed hydraulic analysis would be required for design specifications.

Estimated capital costs and operation and maintenance costs for pipe
diameters of 8 to 24 inches were calculated by MAPS. These capital cost
estmataardcperatimarﬂnmntemmecostsmmtesforplpsarﬂpmps
ardadescrlptlmoftbeass.mptlasmdemenmlmlaumtheoostsare
pr&mtedmtheamerﬂ:x These costs are preliminary and should be used

for camparative purposes only.

A summary of estimated capital costs for pipe diameters of 12, 14, and
16 inches are presented in Table 14. Cperatlonarﬂmalntaaarnecostsam
not included in the summary table because MAPS calculates these costs
assmn;mlltmeoperatimardnamtemncearﬂmlsmymtbethe
manner in which the system would be operated.

Noatteuptwasmademthlsreporttodetemmethecmbmatlonof

plpesuesaIﬂpmpngrequmtsﬂmatmldprodtnethenostecammal
transmission main.
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NO:

Ao (SO Y] LN WWww NN N [l ol

NN

FLOW
(MGD)

3.62
3.62
3.62

3.60
3.60
3.60

1.80
1.80
1.80

DIAM.
(IN.)

14
16

14
16

14
16

14
16

14
16

14
16

14
16

HEAD REQUIRED
PIFE ITNPE
LENGTH oF
(FT) ELOW

16000 PUMPED
16000 PUMPED
16000 PUMPED
11200 PUMPED
11200 PUMPED
11200 PUMPED
10000  GRAVITY
10000  GRAVITY
10000  GRAVITY
19800 PUMPED
19800 PUMPED
19800 PUMPED
12000 PUMPED
12000 PUMPED
12000 PUMPED
20400 PUMPED
20400 PUMPED
20400 PUMPED
11800 PUMPED
11800 PUMPED
11800 PUMPED
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HEAD
REQ.D VELOCTTY
(FT) (FPS)
370 7
244 5
192 4
241 7
153 5
117 4
0 6
0 6
o 7
557 9
334 6
243 5
108 4
76 3
64 2
99 3
67 2
54 2
90 3
77 2
72 1



- APPROXIMATE ELEVATION OF ROADWAY IN FEET (N.G.V.D.)
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IABLE 14

CAPTTAL QOSTS SUMMARY
MAIN PIPE MAIN PMP

NO. DIAM. CAPTTAL CAPTTAL
(IN.) QOSTS(9) QOSTS($)
1 12 $701,000  $394,000
1 14 $816,000  $350,000
1 16 $930,000  $329,000
2 12 $491,000  $348,000
2 14 $571,000  $311,000
2 16 $651,000  $293,000

3 12 $438,000  $0

3 14 $510,000  $0

3 16 $582,000  $0
4 12 $868,000  $500,000
4 14 $1,010,000 $424,000
4 16 $1,150,000 $387,000
5 12 $526,000  $214,000
5 14 $612,000  $201,000
5 16 $698,000  $196,000
6 12 $894,000  $183,000
6 14 $1,040,000 $172,000
6 16 $1,190,000 $167,000
7 12 $517,000  $164,000
7 14 $602,000  $160,000
7 16 $686,000  $159,000
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JOIAL
CAPTTAL
QOSTS($)

$1,095,000
$1,166,000
$1,259,000

$839, 000
$882,000
$944,000

$438,000
$510,000
$582, 000

$1,368,000
$1,434,000
$1,537,000

$740,000
$813,000
$894, 000

$1,077,000
$1,212,000
$1,357,000

$681,000
$762,000
$845,000



OTHER ALTERNATIVES

The alternative described above should be campared against other water
supply options. It may be advisable to choose a source at a different
location to provide elevation head for gravity feed. Several other
alternmatives for this region were previously examined in the "Southeastern
New Hampshire Water Resources Study" authorized by Congress in 1976 and
campleted by the Corps of Engineers in 1982.

The New Hampshire DES has suggested that the cammmities may want to
intercamnect with adjacent commmnities using existing pipes along Route
108 and installing new piping where needed. In order to work towards this
alternative the DES suggests that where possible the cammmnities evaluate
and match adjacent cammunity hydraulic grade lines when installing future
storage.

In addition to structural alternatives to meet future water needs the
camunities should examine the adoption of water conservation plans.

26



LITERATURE REVIEWED

New England River Basins Commission, "Potential for Hydropower Development
at Existing Dams in New England, Volume IV, State of New Hampshire",

Jaruary 1980.

New Hampshire Office of State Planning, "Population Projections, Total
Population for Cities and Towns, 1980-2010", May 1987.

New Hampshire Office of State Planning, "1986 Population Estimates of New
Hampshire City and Towns", August 1987.

New Hampshire Water Supply and Pollution Control Commission, "Public Water
Supplies, Facilities and Policy Summary," 1983.

U.S. Army Corps of Engineers, "Southeast New Hampshire Water Supply Study,
Estimated Demands and Resource Availability," July 1976.

U.S. Army Corps of Engineers, "Methodology for Areawide Planning Studies
User’s Guide", November 1980.

US.ArmyOorpsofEng:.neers, "Magnitude and Frequency of Low Streamflows
in New Hampshire," December 1980.

U.S. Army Corps of Engineers, "Feasibility Report Southeastern New
Hampshire Water Resources Study”, August 1982.

- Army Corps of Engineers, "Guidance for Estimating Reservoir Yields, "
December 1986.

U.S. Army Corps of Engineers, "Inventory of Potential Reservoir Sites
State of New Hampeshire, Section 206 - Technical Assistance", March 1987.

U.S. Department of Commerce, Bureau of the Census, "Characteristics of the
Population, Number of Inhabitants, New Hampshire, 1960-1980."

u.s. FlsharﬂWildllfeServme, Letter to Mr. Robert Olsen, ELI
Corporation, FERC project #6602, Jamuary 24, 1985.

U.S. Geological Survey, Requested data on flow statistics for the Lamprey
River, gage near Newmarket, NH., December 24, 1987.

Viessman, W.,Jr. and Hammer, M.J., "Water Supply and Pollution Control,
4&!, d. ' 1985.

27



APPENDIX

MAPS CCMPUTER PROGRAM OUTFUT

A-l



METHODOLOGY FOR AREAWIDE PLANNING STUDIES (MAPS)

The MAPS camputer program is a tool developed by the Envirommental
Laboratory of the U.S. Army Engineer Waterways Experimental Station to
assist Corps personnel in screening alternative water supply plans. The
cost estimates produced by the program are for the purpose of camparing
alternatives and are not to be used as engineering cost estimates for the
project.

The following construction data was input to the MAPS camputer program
ard is important when estimating pipe costs. It was assumed that the type

N . . . .
cf p‘m 1nead m11d hha All*‘i‘e iron psm ard ‘\:}‘at ﬂne psm s’l-u--'\d | SN

manufactured to withstand a 400 foot peak pressure except in the case of
Main 4 where a pressure of 600 foot was used. It was assumed that
excavation would be under dry soil corditions. It was assumed that the
design life would be 50 years. It was assumed that 20 percent of the
excavation would be through rock.

The following econamic data was input to the MAPS camputer program.
The 1987 Engineering News Record canstruction cost index value of 4400.77

was used to update costs in the program. An operation and maintenance
wage rate of $20 per hour was used to calculate operation and maintenance
costs. An interest rate of 10 percent was used calculating the average
anmal cost of construction.

Estimates of pipe costs include the cost of purchasing, hauling, and
laying the pipe and is dependent on the diameter, material, length, and
themaxlmmprassuretheplpelsmmfacmredtowiﬁ:stam The costs
involved in "other costs" include excavation, backfill and contingencies.
Gmstnntlmcostsamasmofﬂleplpeoostsardothercosts The
overhead costs include engineering, interest during construction, legal,
fiscal, and administrative costs. These are calculated by MAPS as 25
percentoftheccnstructlmcost The estimated capital costs for the
mains are the sum of the construction and overhead costs. lLand costs,
costs of pipe valves, and cost of pipe elbows are not included.

Estimates of pump construction costs include the costs of mechanical
equipment, cost for the pump station structure, and "miscellaneocus costs"
(which includes additional equipment costs and contingencies) multiplied
by a design factor of 1.3. The estimated pump capital costs are the sum
of the construction and overhead costs. Electrical equipment costs and
costs for land are not included.

The estimated annual operation and maintenance costs for the pipes are
cnlczlatedbyMAPSasafm'cticnofthempltaloostoftheplpe The
estimated anmual pump operation and maintenance costs are calculated as
the sum of power costs, labor costs, and a supply cost factor. These cost
estimtesass&mftﬂltimeproductionarﬂoperatim.

A=2
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MAPS COMPUTER PROGRAM OUTPUT

MAIN NO. 1

MAXIMUM FLOW- STAGE 1 0. 362E+01
AVERAGE FLOW- STAGE 1 0.362E+01
LENGTH 0. 160E+05
LENGTH 0.303E+01
INITIAL ELEVATION 0.400E+02
INITIAL PRESSURE HEAD 0.000E+00
FINAL ELEVATION C. 400E+02
FINAL PRESSURE HEAD 0.138E+03
PEAK ELEVATION 0. 102E+03
LISTANCE TO PEAK 0.990E+04
ROUGHNESS HEIGHT 0.400E-03
ALLOWABLE PRESSURE IN FIPE 0. 400E+03
RECTANGULAR TRENCH
DEPTH OF COVER 0. 300E+01
DRY SOIL CONDITIONS
ROCK EXCAVATION 0. 200E+02
TYPE OF PIPE
DUCTILE IRON PIPE IS USED FOR ALL DIAMETERS
HYDRAULIC ANALYSIS AT PEAK FLOW (FIRST STAGE)
5.600 CFs 3.620 MGD
DIAM VELOCITY VELOCITY MINOR FRICTION
(IN) (FPS) HEAD LOSSES LOSSES
(FT) (FT) (FT)
8.0 0.160E+02 0.400E+01 0.00CE+00 0. 185E+04
10.0 0.103E+02 0.164E+01 0.000E+00 0O.589E+03
12.0 0.713E+01 0.790E+00 0.000QE+00 0.232E+03
14.0 0.524E+01 0.427E+00 C.0Q0E+00 O.106E+03
16.0 0.401E+01 0.250E+00 0.0CQE+0C 0. S540E+02
18.0 0.317E+01 0.15%6E+00 0O.O00DE+DD 0O.298E+02
20.0 0.257E+01 0.102E+00 0.000E+00 0. 176E+02
22.0 0.212E+01 D.699E-01 0.00QE+00 4. 109E+02
24.0 0.178E+01 0.494E-01 0O.00CE+00 0O.708E+01
A-3

MGD
MGD
FT
MI
FT
FT
FT
FT
FT
FT
FT
FT

FT

%

HEAD
REQUIRED
(FT)
0.199E+04¢
D.727E+03
0. 370E+Q33
0.244E+03
0.192E+03
0. 168E+03
0.156E+03
0.149E+03
0.145E+03
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MAPS COMPUTER PROGRAM OUTPUT

MAIN NO.

1

CONSTRUCTION YEAR-STAGE 1
INTEREST RATE
DESIGN LIFE

ENR CONSTRUCTION INDEX

LAND COosT

CITY MULTIPLIER
TERRAIN TYFE~--

DIAM

(IN)

8.0
10.0
12.0
14.0
16.0
18.0
20.0
22.0
24.0

PIPE COSTS

(s)
0.2942E+06
.3674E+06
. 4405E+06
.5136E+06
.5866E+06
.6795E+06
Q. 79S9E+0e
0.9183E+06
0.1046E+Q7

00CO0OOo

OTHER
COsTS
(s)

0. 8422E+05
0. 1023E+06
0.1206E+06
0.1391E+06
0.1578E+06
0. 1806E+06
0.2083E+06
0.2375E+06
0.2824E+06

1990

10.000

50

4400.7

X
YEARS

0.000E+Q00D 3

1.000

CONSTRUCTION

COsSTsS
(s)
0.3784E+06
0.4697E+06
0.5611E+06
0.6527E+06
0. 7444E+06
0.8601E+06
0. 1004E+07
0.1156E+Q7
0.1329€E+07

FORCE MAIN COST SUMMARY

MOD NO.
DIAM
(IN)

8.0
10.0
12.0
14.0
16.0
18.0
20.0
22.0
24.0

1

CAPITAL
COosT
(s)

0.473E+06
0.587E+06
0. 701E+06
0.816E+06
0.930E+06
0.108E+07
0.126E+07
0. 144E+07
0. 166E+07

O&M
cosT
($/YR)

0.151E+04
0. 168E+04
0.185E+04
0.202E+04
0.219E+04
0.243E+04
0.274E+04
0. 307E+04
0. 344E+04

AVERAGE

ANNUAL COST

($/YR)

0.492E+05
0.609E+05
0.726E+05
0.843E+05
0. 960E+0S5
0.111E+Q6
0. 129E+06
0. 149E+06
0.171E+06

OVERHEAD
COsSTsS
(s)
0.9459E+05
0.1174E+06
0.1403E+06
0. 1632E+06
0.1861E+06
0.2150E+06
0.2511E+06
0.2889E+06
0.3322E+06

OPERATION
& MAINT.
($/YR)
0.1512E+Q4
0.1679E+04
0. 1848E+04
0.2019E+04
0.2190E+04
0.2430E+04
0.2743E+04
0. 3068E+04
0.3442E+04



MAPS COMPUTER PROGRAM OUTPUT

MAIN NO.

-

<

MAXIMUM FLOW~ STAGE 1
AVERAGE FLOW- STAGE 1

LENGTH
LENGTH

INITIAL ELEVATION
INITIAL PRESSURE HEAD
FINAL ELEVATION

FINAL PRESSURE HEAD

ROUGHNESS HEIGHT
ALLOWABLE PRESSURE IN PIPE
RECTANGULAR TRENCH

DEPTH OF

DRY SOIL CONDITIONS

COVER

ROCK EXCAVATION
TYPE OF PIPE
DUCTILE IRON

HYDRAULIC ANALYSIS

5.569

DIAM
(IN)

8.0
10.0
12.0
14.0
16.0
18.0
20.0
22.0
24.0

CFs

VELOCITY
(FPS)

0. 160E+02
0. 102E+02
0. 709E+01
0.521E+01
0.399E+01
0.315E+01
0.255E+01
0.211E+01
0.177E+01

AT PEAK FL
3.600 MGD

VELOCITY
HEAD
(FT)

0. 386E+01
0.162E+01
0.781E+00
0.422E+00
0.247E+00
0.154E+00
0.101E+00
0.6%92E-01
0.488E-01

OW (FIRST

MINOR
LOSSES
(FT)
0.000E+00
0.000E+0Q0
0.000E+00
0.00DE+00
0. 0CCE+00
0. 000E+00
0.00DE+00
0.000E+00
0. 000E+0D

0. 360E+01
0. 360E+01
0.112E+05
0.212E+01
0.400E+02
0.138E+03
0.120E+03
0.138E+03
0.400E~-03
0.400E+03

0. 300E+01

0.200E+02

PIPE IS USED FOR ALL DIAMETERS

STAGE)

FRICTION
LOSSES
(FT)
0.128E+04
0.408E+03
0.161E+03
0.735E+02
0. 374E+02
0.207E+02
D.122E+02
0.757E+01
0.490E+01

MGD
MGD
FT
MI
FT
FT
FT
FT
FT
FT

FT

%

HEAD
REQUIRED

(FT)
0.136E+04
0.488E+03
0.241E+03
0.153E+03
0.117E+03
0.101E+03
0.922E+02
0.876E+02
0. 849E+02



MAPS COMPUTER PROGRAM OUTPUT

MAIN NO.

2

CONSTRUCTION YEAR-STAGE 1
INTEREST RATE
DESIGN LIFE

ENR CONSTRUCTION INDEX

LAND COST

CITY MULTIPLIER
TERRAIN TYPE--

DIAM

(IN)

8.0
10.0
12.0
14.0
16.0
18.0
20.0
22.0
24.0

PIPE COSTS

(s)
0.2059E+06
0.2571E+06
0.3083E+06
0. 3595E+06
0.4106E+06
C.4756E+06
0.5571E+06
0.6428E+06
0.7325E+06

OTHER
COSTS
(s)

0. 5895E+05
0.7162E+05
0.8442E+05
0.9736E+05
0.1104E+0Q06
0. 1264E+06
0.1458E+06
0.1662E+06
0.1977E+06

FORCE MAIN COST SUMMARY

MOD NO.
DIAM
(IN)

8.0
10.0
12.0
14.0
16.0
18.0
20.0
22.0
24.0

2

CAPITAL
CosT
(s)

0. 331E+06
0.411E+06
Q.491E+06
0.571E+06
D.651E+06
0.753E+06
0.879E+06
0.101E+Q7
0.116E+07

1990

10.000

50

4400.7

%
YEARS

0.000E+0C $

1.000

CONSTRUCTION

COSTS
(s)
0. 2649E+06
0. 3288E+06
0. 3928E+06
0.4569E+06
0.5211E+06
C.6021E+06
0. 7030E+06
0. 8091E+06
0.3302E+06

o&M
cosT
($/YR)

0. 106E+04
0.118E+04
0. 129E+04
0.141E+04
0.153E+04
0.170E+04
0. 1382E+04
0.215E+04
0.241E+04

AVERAGE

ANNUAL COST

($/YR)

0. 345E+05
0.426E+05
Q. S0O8E+05
0. 590E+05
0.672E+05
0.776E+05
0.S305E+05
0.104E+D8
0. 120E+06

OVERHEAD
COSTS
(s)
0.6622E+05S
0.8219E+05
0.9819E+05
0.1142E+06
0. 1303E+0é
0.1505E+06
0.1757E+D6
0.2023E+06
0.2325E+06

OPERATION
& MAINT.
($/YR)
0.1089E+04
0.117SE+04
0.1294E+04
0.1413E+Q4
0.1533E+04
.1701E+04
. 1920E+04
.2148E+04
.2410E+04

000Oo



MAPS COMPUTER PROGRAM OUTPUT

A U™ 2 T ST AL
LSVFRA ST R OW- ST AR
~ s T :
F =T -
THRTT oat FILEVAT Vi
TNTTIAL FRESSILRE HEAD
- TNat L IVATION
FTINAL FRESSIIRE HEAD
FIOHDIIHNFE 25 MFTHT
Al L NWARI E PRESSIUIRE I FIPF
FESTANSL T AR TERENCH
ME=TH OF COVFE =
Fiey S0 TH CONDTI TIONS
oY = CAVATTION
TYFE OF FIFE
T TTUFR TR FTFE T2 1ISED
TTHEAT REMMITREMENTS AFE RBRASED
SO FATFE O HASY
MNe FUME TN
—RALH 0 AMA YETR2 AT FEaAKk S o4
R CFA 1 <0 M0
rTAM VST CT Ty VFE: i T T
g 1FFS HE AL
-t
OO0 TRRE S0 0 GESF ST T,
D B N GIMEF &0 O
oD T ASEES T 0 VSRR SO0 N,
ta G AITE RO T AR F o™ 0
T 0 D 1HYE+NT T n1RE-D1 .
AT T L RAF#TY T T AmF -
T 0 1TRESDY O ZS3E-NT D
TN CSESM T P TAF AT T,
LU T A RRE4OT ZE-D1 T

TLL1Z3E+D0R

. 300E+02

T.138E+03
T wDOE-03

LANDE+QO3

I0C0E+0Q]

3. Z00E+0Zz

srfRoaLL GIAMETERS
SUPPLIED

UN FLOWS
FEEN COMFITED FASZD SOLELY ON DROF

P ETEST

MTINNF
LOSIES
=T
s +00
TR 00
CII0E +C 0
1ZTOE <O
OOrE +00

SO0 E 40

CO0E+D0
DOAE w00

L DN0E -0

A=-7

+
'

AGF !

FRTICTION

LJSSE:
FFT
.295E+103
AL -

DL 372E+0Z

L ITAE+OT

. 29S5E+01
C18GE-DL
C120E+D1

M.
0=

T
M1
FT
FT
FT
FT
FT
FT

FT

a
»

By

[~

SER~--AN AUTUSTED

IN ELEVATION-=

HEAD

FEQUIREL

(FT i

Q. 2J5E+032
(W

weCNE-T?
S322%+02

L7LrE+TT
s N = S
e EOE .
LETLESD]

LREZE
32€

-

iy N

[ Y

+

ot
0.
e RRF LD
LA3OE ST
L12TE LD

A

[ I S S

h

N FUMF
Fi o
PR A

L5100
ST LESD)

42TE+D]

LS laE+OY

ZTDESTT



MAPS COMPUTER PROGRAM OUTPUT

MAIN NO.

3

CONSTRUCTION YEAR-STAGE 1
INTEREST RATE
DESIGN LIFE

ENR CONSTRUCTION INDEX

LAND COST

CITY MULTIPLIER
TERRAIN TYPE--

DIAM

(IN)

8.0
10.0
12.0
14.0
16.0
18.0
20.0
22.0
24.0

PIPE COSTS

(s)
0. 1839E+06
0.2296E+06
0.2753E+06
0.3210E+06
0. 3666E+06
0.4247E+06
0.4974E+06
0.5739E+06
0. 6540E+06

OTHER
COSTS
(s)
0.5263E+05
0.6395E+05
0.7538E+05
0. 8693E+05
0.9860E+05
0.1129E+06
0.1302E+06
0.1484E+06
0.1765E+06

1930

10.000

50

4400.7

%
YEARS

0.000E+00 3

1.000

CONSTRUCTION

COSTS
(s)
0.2365E+06
0.2935E+06
0. 3507E+06
0.4079E+06
0.4652E+06
0.5375E+06
0.6277E+06
0.7224E+06
0.8305E+06

FORCE MAIN COST SUMMARY

MOD NO.
OIAM
(IN)

8.0
10.0
12.0
14.0
16.0
18.0
20.0
22.0
24.0

3

CAPITAL
CosT
(s)

0.296E+06
0.367E+06
0. 438E+06
0.510E+0é
0.582E+06
0.672E+06
0. 785E+06
0.903E+06
0.104E+07

O&M
CcoSsT
($/YR)

0.945E+03
0. 105e+04
0.116E+04
0. 126E+04
0.137E+04
0.152E+04
0.171E+04
0. 192E+04
0.215E+04

AVERAGE

ANNUAL COST

($/YR)

0.308E+0S
0. 381E+05
0.454E+05
0.527E+05
0. 600E+05
0.693E+05
0.808E+05
0.930E+05
0.107E+06

OVERHEAD
COSTS
(s)
0.5912E+05
0.7339E+05
0.8767E+05
0. 1020E+06
0.1163E+06
0.1344E+06
0. 1569%9E+06
0. 1806E+06
0.2076E+06

OPERATION
& MAINT,
($/YR)
0.9452E+03
0. 1049E+04
0.1155E+0¢
0.1262E+04
0.1363E+04
0.1319E+04
0.1714E+04
0.1918E+0D4
0.2152E+04



MAPS COMPUTER

MAIN NO.

MAXIMUM FLOW-
AVERAGE FLOW-

LENGTH
LENGTH

4

INITIAL ELEVATION
INITIAL PRESSURE HEAD
FINAL ELEVATION

FINAL PRESSURE HEAD

PEAK ELEVATION

DISTANCE

TO PEAK

ROUGHNESS HEIGHT
ALLOWABLE PRESSURE IN FIPE
RECTANGULAR TRENCH

DEPTH OF

DRY SOIL CONDITIONS

COVER

ROCK EXCAVATION
TYPE OF PIPE
DUCTILE IRON

HYDRAULIC ANALYSIS

6.714

OI1AM
(IN)

8.0
10.0
12.0
14.0
16.0
18.0
20.0
22.0
24.0

CFs

VELOCITY
(FPS)

0.192E+02
0.123E+02
0.858E+01
0.628E+01
0.481E+01
0.380E+01
0. 308E+01
0.254E+01
0.214E+01

PROGRAM OUTPUT

STASE 1§
STAGE 1

AT PEAK FL
4¢.340 MGD

VELOCITY
HEAD
(FT)

0.575E+01
0.236E+01
0.114E+01
0.613E+00D
0. 359%E+00
0.224E+00
0.147E+Q0Q
0.101E+00
0.710E-01

OW (FIRST

MINOR
LOSSES
(FT)
C.00CE+QC
0.00CE+QQ
0. 0C0E+0O0
0. D00E+0O0
0. 000E+0OO
O.O00E+0OD
0.0CCE+00
0.000E+00
0.000E+QO

A-9

0.434E+01
0.434E+D]
0.138E+CS
0. 375E+01
0.400E+02
0.000E+00
0. 500E+02
0.138E+03
0.850E+02
0. 162E+05
0.400E-03
0.600E+03

0.300E+01

0.200E+02

FIPE IS USED FOR ALL DIAMETERS

STAGE )

FRICTION
LOSSES
(FT)
C.327E+04
0.104E+04
0.409E+03
0. 186E+03
0.947E+02
0.522E+02
0. 307E+02
0.191E+02
0.123E+02

MGD
MGD
FT
MI
FT
FT
FT
FT
FT
FT
FT
FT

FT

%

HEAD
REQUIRED

(FT)
0.342E+04
0.119E+04
0.557E+02
0.334E+03
0.243E+03
0.200E+03
0.179E+03
0.167E+03
0. 160E+03



MAPS COMPUTER PROGRAM OUTPUT

MAIN NO.

4

CONSTRUCTION YEAR-STAGE 1
INTEREST RATE
DESIGN LIFE

ENR CONSTRUCTION INDEX

LAND COST

CITY MULTIPLIER
TERRAIN TYPE--

DIAM

199C

16.000

50

4400.7

%
YEARS

0.00CE+00 $

1.000
FIPE COSTS OTHER CONSTRUCTION
COsSTS COsTsS
{(s) ($) ($)

0.3640E+06 0.1042E+06 0.4682E+06
0.4546E+06 0. 1266E+06 0.5812E+06
0.5451E+06 0.1492E+06 (U.6944E+06
0.6355E+06 0.1721E+06 0.8077E+06
0.7259E+06 0.1952E+06 0.9212E+06
C.8409E+06 0.2235E+06 0.1064E+07
0.9849E+06 0.2578E+06 0.1243E+07
0.1136E+07 0.2939E+06 O0.1430E+07
C.1295E+07 0.3494E+06 0.1644E+07

FORCE MAIN COST SUMMARY

MOD NO.

DIAM

[
0
DO0COO0O0DOD

’

a

CAPITAL
cosT
($)

0.585E+06
0.727E+06
0. 863E+06
0.101E+07
0.115E+07
0.133E+07
0.155%5E+07
0.179E+07
D.206E+07

o&M AVERAGE
CosT ANNUAL COST
($/YR) ($/YR)

0.187E+04 0O.609E+05
0.208E+04 0.754E+05
0.229E+04 0.898E+05
0.250E+0Q4 0.104E+06
0.271E+04 0.119E+0¢
0.301E+04 0.137E+06
0.339E+04 0. 160E+0Q6
C.380E+04 0. 184E+06é
0.426E+04 0.2125+06

OVERHEAD
COSTS
(%)
0.1171E+06
0.1453E+06
0. 1736E+06
0. 2019E+06
0.2303E+06
0.2661E+06
0. 3107E+06
D.3576E+06
0.4111E+06

OPERATION
& MAINT.
(8/YR)
0.1371E+04
0C.2078E+04
0.2287E+04
J.24938E+04
0.2710E+04
0. 3007E+04
0. 3394E+04
G.3797E+04
0. 4260E+04



MAPS COMPUTER PROGRAM OUTPUT

MAIN NO.

MAXIMUM FLOW-

5

STAGE 1

AVERAGE FLOW- STAGE 1

LENGTH
LENGTH

INITIAL ELEVATION
INITIAL PRESSURE HEAD
FINAL ELEVATION

FINAL PRESSURE HEAD

ROUGHNESS HEIGHT
ALLOWABLE PRESSURE IN PIPE
RECTANGULAR TRENCH

DEPTH OF

DRY SOIL CONDITIONS

COVER

ROCK EXCAVATION
TYPE OF PIPE
DUCTILE IRON

HYDRAULIC ANALYSIS

3.156

DIAM
(IN)

8.0
10.0
12.0
14.0
16.0
18.0
20.0
22.0
24.0

CFs

VELOCITY
(FPS)

0.904E+01
0.579E+01
0.402E+01
0.295E+01
0.226E+01
0.179E+01
0.145E+01
0.120E+01
0. 100E+01

AT PEAK FL
2.040 MGD

VELOCITY
HEAD
(FT)

0.127€+01
0.520E+00
0.251£+00
0.135E+00
Q. 794E-01
0.496E-01
0. 325E-01
0.222e-01
0.157E-01

OW (FIRST

MINOR

LOSSES

(FT)
0. 0O00E+00
0.0O0DE+00
0. 000E+00
0. 000E+00
0.0COE+00
0.0C0E+00
0.000E+Q0
0.00CE+00
0.000E+Q0

0.204E+D1
0.204E+01
0.120E+05
0.227E+01
0. 500E+02
0.138E+03
0.100E+03
0.138E+03
0.400E-03
0.400E+03

0. 300E+01

0. 200E+Q2

PIPE IS USED FOR ALL DIAMETERS

STAGE)

FRICTION
LOSSES
(FT)
0.452E+03
0.145E+03
0.576E+02
0.265E+02
0.136E+02
0.754E+01
0. 447E+01
0.279E+01
0.182E+01

MGD
MGD
FT
MI
FT
FT
FT
FT
FT
FT

FT

%

HEAD
REQUIRED

(FT)
0.502E+03
0.195E+03
0.108E+03
0.765E+02
0.636E+02
0.57SE+02
0.545E+02
0.528E+02
0.518E+02



MAPS COMPUTER PROGRAM OUTPUT

MAIN NO.

S

CONSTRUCTION YEAR~-STAGE 1
INTEREST RATE
DESIGN LIFE

ENR CONSTRUCTION INDEX

LAND COST

CITY MULTIPLIER
TERRAIN TYPE--

DIAaM

(IN)

8.0
10.0
12.0
14.0
16.0
18.0
20.0
22.0
24.0

PIPE COSTS

(s)
0. 2206E+06
0.2755E+06
0.3304E+06
0. 3852E+06
0.4400E+06
0. 5096E+06
0.5969%9E+06
0.6887E+06
0.7848E+06

1990

10.000

50

4400.7
0.000E+CO $

1.000
OTHER CONSTRUCTION
COSTS COsTs
(s) (s)
0.6316E+05 0.2838E+06
0.7674E+05 0. 3523E+06
0.9045E+05 0.4208E+06
0.1043E+06 0.4895E+06

0.1183E+0¢
0. 1354E+06
0.1563E+06
0.1781E+06
0.2118E+06

0.58583E+06
0.6451E+06
0. 7532E+06
D.8668E+06
0. 9966E+06

FORCE MAIN COST SUMMARY

MOD NO.
DI1IaM
(IN)

8.0
10.0
12.0
14.0
16.0
18.0
20.0
22.0
24.0

5

CAPITAL
cosT
(s)

0.355E+06
0.440E+Q6
0.526E+06
0.612E+06
0. 698E+06
0. 806E+06
0.941E+06
0.108E+07
0.12S5E+07

o&M
cosT
($/YR)

0.113E+D4
C.126E+04
0. 139E+04
0.151E+04
0.164E+04
0. 182E+04
0.206E+04
0.230E+04
0.258E+04

AVERAGE

ANNUAL COST

($/YR)

0. 369E+0S
0.457E+05
0.544E+05
0.632E+05
0. 720E+0S
0.831E+05
Q.970E+05
0.112E+06
0.128E+06

A-12

%
YEARS

OVERHEAD
COSTS
(s)

Q. 7095E+05
0.8806E+05
0.1052E+06
0. 1224E+06
0. 1396E+06
0.1613E+06
0. 1883E+06
0.2167E+06
0.24391E+06

OPERATION
& MAINT.
($/YR)
0.1134E+04
0.1259E+04
0.1386E+04
0.1514E+04
0.1643E+04
0. 1822E+04
0.2057E+04
0.2301E+04
0.2582E+04



MAPS COMPUTER PROGRAM OUTPUT

MAIN NO.

MAXIMUM FLOW-
AVERAGE FLOW-

LENGTH
LENGTH

6

INITIAL ELEVATION
INITIAL PRESSURE HEAD
FINAL ELEVATION

FINAL PRESSURE HEAD

ROUGHNESS HEIGHT
ALLOWABLE PRESSURE IN PIPE
RECTANGULAR TRENCH

DEPTH OF

DRY SOIL CONDITIONS

COVER

ROCK EXCAVATION
TYPE OF PIPE
DUCTILE IRON

HYDRAULIC ANALYSIS

2.413

DIAM
(IN)

8.0
10.0
12.0
14.0
16.0
18.0
20.0
22.0
24.0

CFsS

VELOCITY
(FPS)

0.691E+01
0.442E+01
0.307E+01
0.226E+01
0.173E+01
0.137E+01
0.111E+01
0.914E+00
0. 768E+00

STAGE 1
STAGE 1

AT PEAK FL
1.560 M™MGD

VELOCITY
HEAD
(FT)
0.743E+00
0. 304E+00C
0.147E+0O0
0.792E-01
0.464E~-01
0.290E-01
0.190E-01
0.130e-01
0.917E~-02

A-13

OW (FIRST

MINOR

LOSSES

(FT)
0. 000E+00
0.000E+0OD
0. 000E+00
0.000E+0O0
C.000E+0O0
0.000E+00
0.000E+GOo
0.000E+0O0
0. 000E+0O0

0.156E+01
0.156E+01
0.204E+05
0. 386E+01
0.100E+03
0.138E+03
0.140E+03
0.138E+03
0.400E~-03
0.400E+03

0. 300E+01

0. 200E+02

PIPE IS USED FOR ALL DIAMETERS

STAGE)

FRICTION
LOSSES
(FT)

0.456E+03
0.147E+03
0.586E+02
0.271E+02
0.139E+02
0.77SE+01
0.460E+01
0.288E+01
0.188E+01

MGD
MGD
FT
MI
FT
FT
FT
FT
FT
FT

FT

%

HEAD
REQUIRED
(FT)
0.496E+03
0.187E+03
0.986E+02
0.671E+02
0.539E+02
0.477E+02
0.446E+02
0. 429E+02
0.419E+02



MAPS COMPUTER PROGRAM OUTPUT

MAIN NO. 6

CONSTRUCTION YEAR-STAGE 1

INTEREST RATE

DESIGN LIFE

ENR CONSTRUCTION INDEX

LAND COST

CITY MULTIPLIER

TERRAIN TYPE--
DIAaM PIPE COSTS OTHER

COSTS

(IN) (s) (s)
8.0 0.3751E+06 0.1074E+06
10.0 0.4684E+06 O0.1305E+06
12.0 O0.5616E+06 0.1538E+06
14.0 0.6548E+06 0.1773E+06
16.0 0.7479E+06 0.2011E+06
18.0 0D.8663E+06 0.2303E+06
20.0 O0.1015E+07 0.2656E+06
22.0 0.1171E+07 0.3028E+06
24.0 0.1334E+07 0.3600DE+06

1990

10.000

50

4400.7

x
YEARS

0.0C0E+0O0 s

1.000

CONSTRUCTION

COSTsS
(s)
0.4824E+06
0. 5988E+06
0.7154E+06
0.8321E+06
0.9491E+06
0.1097E+07
0.1280E+07
0.1474E+0Q7
0.1694E+07

FORCE MAIN COST SUMMARY

MOD NO.
DIAM
(IN)

8.0
10.0
12.0
14.0
16.0
18.0
20.0
22.0
24.0

6

CAPITAL
COsT
(s)

0.603E+06
Q. 749E+06
0. 894E+06
0. 104E+Q7
0.119E+07
0.137E+Q7
0.160E+Q7
0.184E+Q07
0.212E+07

O&M
COST
($/YR)

0.193E+04
0.214E+04
0.236E+04
0.257E+04
0.279E+04
0.310E+04
0. 350E+04
0.391E+04
0.439E+04

AVERAGE

ANNUAL COST

($/YR)

0.628E+05
0. 776E+05
0.925E£+05
0.107E+06
0.122E+06
0.141E+06
0. 165E+06
0.190E+06
0.218E+06

OVERHEAD
COosTS
(s) .
0.1206E+06
0.1497E+06
0.1788E+06
0.2080E+06
0.2373E+06
0.2741E+06
0.3201E+06
0. 3684E+06
0.4236E+06

OPERATION
& MAINT.
($/YR)
0.1928E+04
0.2141E+04
0.2356E+04
0.2574E+04
0.2792E+04
0. 3098E+04
0.3497E+04
0.3912E+04
0.4389E+04



MAPS COMPUTER PROGRAM OUTPUT

MAIN NO.

MAXIMUM FLOW-

7

STAGE 1

AVERAGE FLOW- STAGE 1

LENGTH
LENGTH

INITIAL ELEVATION
INITIAL PRESSURE HEAD
FINAL ELEVATION

FINAL PRESSURE HEAD

ROUGHNESS HEIGHT
ALLOWABLE PRESSURE IN PIPE
RECTANGULAR TRENCH

DEPTH OF

DRY SOIL CONDITIONS

COVER

ROCK EXCAVATION
TYPE OF PIPE
DUCTILE IRON

HYDRAULIC ANALYSIS

2.011

DIAM
(IN)

8.0
10.0
12.0
14.0
16.0
18.0
20.0
22.0
24.0

CFsS

VELOCITY
(FPS)

0.576E+0D1
0.369E+01
0.256E+01
0.188E+01
0.144E+01
0.114E+01
0.922E+00
0.762E+00
0.640E+Q00

AT PEAK FL
1.300 M™MGD

VELOCITY
HEAD
(FT)

0.516E+00
0.211E+00
0. 102E+00
0.550E-01
0. 322E-01
0.201E-01
0.132E~-01
0.902E-02
0.637E-02

A-15

OW (FIRST

MINOR
LOSSES
(FT)
0.000E+0O0
0.000E+Q0
0.000E+00
0.000E+00
0.000E+0Q0
0.000E+0Q0
0.00CE+QC
0.000E+00O
0.0CCE+QC

0.130E+01
0.130E+01
0.118E+CS5
0.223E+01
0.140E+03
0.138E+03
0.206E+03
0.138E+03
0. 400E-03
0.400E+03

0. 300E+01

0. 200E+02

PIPE IS USED FOR ALL DIAMETERS

STAGE)

FRICTION
LOSSES
(FT)
0.186E+03
0.599E+02
0.240E+02
0.111E+02
0.571E+01
0.319E+01
0.190E+01
0.119€E+01
0.778E+00

MGD
MGD
FT
MI
FT
FT
FT
FT
FT
FT

FT

%

HEAD
REQUIRED
(FT)
0.252E+03
0.126E+03
0. 900E+02
0.771E+02
0.717E+02
0.692E+02
0.679E+02
0.672E+02
0. 668E+02



MAPS COMPUTER PROGRAM OUTPUT

MAIN NO.

7

CONSTRUCTION YEAR-STAGE 1
INTEREST RATE
DESIGN LIFE

ENR CONSTRUCTION INDEX

LAND COST

CITY MULTIPLIER
TERRAIN TYPE--

DIAM

(IN)

8.0
10.0
12.0
14.0
16.0
18.0
20.0
22.0
24.0

PIPE COSTS

(s)
0.216%E+06
0.2709E+06
0. 3249E+06
0.3788E+06
0.4326E+06
0.5011E+06é
0.5870E+06
0.6773E+06
0.7717E+06

1990

10.000

50

4400.7
0.000E+0C $

1.000
OTHER CONSTRUCTION
COSTsS COSTS

(s)
0.6211E+05

(s)
0.2791E+06

0.7546E+05 0. 3464E+06
0.8895E+05 0.4138E+06
0.1026E+06 0.4813E+06

0.1163E+06
0.1332E+06
0.1S537E+06
0.1751E+06
0. 2082E+06

0. 5490E+06
0.6343E+06
0.7406E+06
0.8524E+06
0.9800E+06

FORCE MAIN COST SUMMARY

MOD NO.
DIAM
(IN)

8.0
10.0
12.0
14.0
16.0
18.0
20.0
22.0
24.0

7

CAPITAL
COosT
(s)

0. 349E+06
0.433E+06
0.517E+06
0. 602E+06
0. 686E+06
0. 793E+06
0.926E+06
0.107E+07
0.122E+07

o&M
COST
($/YR)

0.112E+04
0.124E+04
0. 136E+04
0. 149E+04
0.162E+04
0.179E+04
0.202E+04
0.226E+04
0.254E+04

AVERAGE

ANNUAL COST

($/YR)

. 363E+05
.449E+05
.535E+05
0.622E+05
0.708E+05
0.818E+05
0.954E+05
0.110E+06
0.126E+06

000

%
YEARS

OVERHEAD
COSTS
(s)
0.6976E+05
0.8660E+05
0.1035E+06
0. 1203E+06
0.1372E+06
0. 1586E+06
0.1852E+06
0.2131E+06
0.2450E+06

OPERATION
& MAINT.
($/YR)
0.1115E+04
0.1238E+04
0.1363E+04
0. 1489E+04
0.1615E+04
0.1792E+04
0.2023E+04
0.2263E+04
0.2539E+04



MAPS COMPUTER PROGRAM OUTPUT

PUMP NO. 1

MAXIMUM FLOW(STAGE 1)
AVERAGE FLOW(STAGE 1)
REQUIRED HEAD BASED ON FORCE MAIN MOD 1
RAW OR TREATED WATER PUMPING

YEAR BUILT

DESIGN LIFE
EFFICIENCY OF PUMP AND MOTOR
MAXIMUM HEAD PER STATION
NO. OF STATIONS DETERMINED BY PROGRAM
NO. PUMPS PER STATION-STAGE 1
NO WET WELL
IMPROVED STRUCTURE

0.362E+01 MGD
0.362E+01 MGD

1990

S0 YEARS
0.600E+02 PERCENT
0.100E+04 FT

2

DOWNTIME

ECONOMIC OUTPUT
INTEREST RATE
ENR INDEX

CITY MULTIPLIER
O&M WAGE

COST OF ELECTRICITY
COST OF LAND SITE IMPROVEMENT

0.0 PERCENT

0.100E+02
0.440E+04
0.100E+01
0. 200E+02
0. 800E-0O1
0.000E+DO

PERCENT

$/HR
$ /KWHR
$

COST OF STRUCTURE AND SWITCHYARD FOR SINGLE STATION

‘COST BASED ON 3.62 MGD, BUILT IN 1990
DIAM NO. OF POWER STRUCTURE SWITCHYARD
STATIONS CAPACITY COsTs COSTsS
(KVA) (s) (s)
8.0 2 0.987E+03 0.236E+05 0.000E+00
10.0 1 0.724E+03 0.236E+05 0.000E+00
12.0 1 0.374E+03 0.236E+05 0.000E+0D0
14.0 1 0.250E+03 0.236E+05 0.00CE+00
16.0 1 0.199E+03 0.236E+05 0.000E+00
18.0 1 0.175E+03 0.236E+05 0.000E+Q0
20.0 1 0.163E+03 0.236E+05 0.000E+0Q0
22.0 1 0.156E+03 0.236E+05 0.000E+00
24.0 1 0.152E+03 0.236E+05 0.000E+0Q0
COSTS FOR MECHANICAL AND ELECTRICAL EQUIPMENT FOR SINGLE STATION
COSTS FOR STAGE 1 BASED ON 0.362E+01 MGD, BUILT IN 1990
DIAM HEAD PER MECHANIC ELECTRIC MISC CONSTRUCT OVERHEAL
STATION COosT cosT COosT cosT CosT
(IN) (FT) (s) (s) (s) (s) ($)
8. 0.100E+04 0.233E+06 0.000E+00 0.842E+05 0.443E+06 0.111E+06
10. 0.737E+03 0.196E+06 0O.0C0E+00 0.842E+05 0.394E+06 0O.986E+05
12. 0.380E+03 0.135E+06 0.000E+00 0.842E+05 0.316E+06 0. 789E+05
1l4. 0.254E+03 0.108E+06 0.000E+00 0.842E+05 0.280E+06 O.700E+05
16. 0.202E+03 0.946E+05 0.000E+00 0.842E+05 0.2¢63E+06 O.658E+15
18. 0.178E+03 0.881E+05 0.000E+00 0.842E+05 0.255E+06 0O.637E+05
20. 0.166E+03 0.846E+05 0.000E+00 0.842E+05 0.250E+06 O.625E+05
22. 0.159E+03 0.827E+05 0.O000E+00 O.842E+05 0.248E+06 0.619E+05
24. 0.155E+03 0.816E+05 0.00CE+00 0.842E+05 0.246E+06 U.616E+05
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MAPS COMPUTER PROGRAM OUTPUT

OPERATION AND MAINTENANCE COSTS FOR SINGLE PUMP STATION
COSTS FOR STAGE 1 BASED ON 0. 362E+01 MGD FROM 1990 TO 2040
SUPPLY COST 0.204E+04 $/YR

LABOR COST 0.160E+05 $/YR

DIAM HEAD POWER POWER TOTAL
REQUIRED REQUIRED COST o&M
(IN) (FT) (KWHR/YR) ($/YR) ($/YR)
8.0 0.199E+04 0.692E+07 0.554E+06 0.S572E+06
10.0 0.727E+03 0.508E+07 0.406E+06 0.424E+06
12.0 0.370E+03 0.262E+07 0.210E+06 Q.228E+06
14.0 0.244E+03 0.175E+07 0.140E+06 0.158E+06
16.0 0.192E+03 0.139E+07 0.111E+06 0. 129E+06
18.0 0.168E+03 0.123E+07 0.981E+05 0.116E+Q6
20.0 0.156E+03 0.114E+07 0.913E+05 0. 109E+06
22.0 0.149E+03 0.110E+07 0.876E+05 0O.106E+06
24.0 0.145E+03 0.107E+07 0.855E+05 0. 104E+06
PUMP STATION COST SUMMARY
DIAM NO. OF STAGE 1
STATIONS CAPITAL o&M
CosT CosT
(IN) (s) ($/YR)
8.0 2 0.111E+07 0.114E+07
10.0 1 0.493E+06 0.424E+06
12.0 1 0. 3%4E+06 0.228E+06
14.0 1 0.350E+06 0O.158E+06
16.0 1 0. 32%9E+06 D.129E+06
18.0 1 0.318E+06 0.116E+06
20.0 1 0.313E+06 0. 109E+06
22.0 1 0.310E+06 0.106E+06
24.0 1 0.308E+06 0. 104E+Q6
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MAPS COMPUTER PROGRAM OUTPUT

PUMP NO.
MAXIMUM FLOW(STAGE 1)
AVERAGE FLOW(STAGE 1)
REQUIRED HEAD BASED ON FORCE MAIN MOD 2
RAW OR TREATED WATER PUMPING
YEAR BUILT
DESIGN LIFE
EFFICIENCY OF PUMP AND MOTOR

MAXIMUM HEAD PER STATION

2

0.360E+01 MGD
0. 360E+01 MGD

1390

50 YEARS
0. 600E+02 PERCENT
Q.100E+Q4 FT

NO. OF STATIONS DETERMINED BY PROGRAM

NO.

NO WET WELL
IMPROVED STRUCTURE
DOWNTIME

PUMPS PER STATION-STAGE 1

2

ECONOMIC OUTPUT
INTEREST RATE
ENR INDEX

CITY MULTIPLIER
o&M WAGE

COST OF ELECTRICITY
COST OF LAND SITE IMPROVEMENT

0.0 PER

0.100E+02
0. 44DE+04
0. 100E+01
C.200E+02
0. 800&£-01
0.000E+0Q

CENT

PERCENT

$/HR
$/KWHR
$

COST OF STRUCTURE AND SWITCHYARD FOR SINGLE STATION

COST BASED ON

DIAM

8.0
10.0
12.0
14.0
16.0
18.0
20.0
22.0
24.0

COSTsS
COSTS

DIAM
(IN)

10.
12.
14.
16.
18.
20.
22.
24.

NO. OF
STATIONS

3.60 MGD, BUILT IN 19S0

POWER
CAPACITY

STRUCTURE
COsSTsS

SWITCHYARD

COSTS

N e RN

(KvaA)
0.675E+03
0.486E+03
0.245E+03
0.160E+03
0.125E+03
0.108E+03
0.999E+02
0.954E+02
0.928E+02

(s)
0.236E+05
0.236E+05
0.236E+05
0.236E+05
0.236E+05
0.236E+05
0.236E+05
0.236E+05
0.236E+05

(s)
0. 000E+00
0.00DE+0O
0. 000E+00
0.000E+0O0
0. 000E+00
0.000E+0C
0. 000E+DOD
0.000E+0Q0
0. 000E+QO0

FOR MECHANICAL AND ELECTRICAL EQUIPMENT FOR SINGLE STATION

FOR STAGE 1 BASED ON 0.360E+01 MGD, BUILT IN 1990

HEAD PER
STATION
(FT)
0.690E+03
0.498E+03
0.251E+03
0.163E+03
0.127E+03
0.111E+03
102E+03
976E+02

0.
a.
0.949E+D2

MECHANIC
CcosT
(s)
0.188E+06
0.156E+06
0. 106E+06
0.837E+05
0.728E+05
.673E+05
.643E+05
.627E+05
.617E+0S

000COo

ELECTRIC
cosT
(s)
0. 0D00E+00
0.000E+QO
0. 000E+DO
0.000E+Q0
0.000E+QO
0. 000E+0D
0. 000E+0O0
0.000E+00
0. 000E+0O0
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MISC

CosT

(s)
0.840E+05
0. 840E+05
0. 840E+05
0. 840E+05
0.840E+05
0. 840E+05
0.840E+0S
0.840E+05
0. 840E+05

CONSTRUCT
COosT
(s)
0. 384E+06
0.343E+06
0.278E+D6
0. 249E+06
0.234E+06
0.227E+06
0.223E+06
0.221E+06
0.220E+06

OVERHEAD
COST
(s)
0.960E+05
0. 858E+05.
0.695E+05
0. 622E+05
0.586E+05
D.568E+05
0.55%E+0%
0. 553E+05
0.550E+05



MAPS COMPUTER PROGRAM OUTPUT

OPERATION AND MAINTENANCE COSTS FOR SINGLE PUMP STATION
COSTS FOR STAGE 1 BASED ON 0.360E+01 MGD FROM 1990 TO 2040
SUPPLY COST 0.203E+04 $/YR

LABOR COST 0.160E+05 $/YR

DIAM HEAD POWER POWER TOTAL
REQUIRED REQUIRED cosT o&M
(IN) (FT) (KWHR/YR) (s$/YR) ($/YR)
8.0 0.136E+04 0.473E+07 0.379E+06 0.397E+06
10.0 0.488E+03 0.341E+07 0.273E+06 0.291E+06
12.0 0.241E+03 0.172E+07 0.138E+06 0.156E+06
14.0 0.153E+03 0.112E+07 0.896E+05 0. 108E+06
16.0 0.117E+03 0.873E+06 0.699E+05 0.879E+05
18.0 0.101E+03 0.759€E+06 0O.607E+05 0O.787E+05
20.0 0.922E+02 0. 700E+06 0.560E+05 0. 740E+05
22.0 0.876E+02 0.669E+06 0O.535E+05 0.715E+05
24.0 0.849E+02 0.651E+06 0.520E+05 0. 700E+05
PUMP STATION COST SUMMARY
DIAM NO. OF STAGE 1
STATIONS CAPITAL o&M
COST COST
(IN) (s) ($/YR)
8.0 2 0.960E+06 0. 793E+06
10.0 1 0.429E+06 0.291E+06
12.0 1 0. 348E+06 D.156E+06
14.0 1 0.311E+06 0. 108E+06
16.0 1 0.293E+06 0.879E+05
18.0 1 0.284E+06 0.787E+05
20.0 1 0.279E+06 0. 740E+05
22.0 1 0.277E+06 0. 715E+05
24.0 1 0.275E+06 0. 700E+05



MAPS COMPUTER PROGRAM OUTPUT

PUMP NO. 3

MAXIMUM FLOW(STAGE 1)
AVERAGE FLOW(STAGE 1)
REQUIRED HEAD BASED ON FORCE MAIN MOD 4
RAW OR TREATED WATER PUMPING

YEAR BUILT

DESIGN LIFE _
EFFICIENCY OF PUMP AND MOTOR

MAXIMUM HEAD PER STATION

0.434E+01 MGD
0.434E+01 MGD

S0 YEARS
0.600E+02 PERCENT
0.100E+04 FT

NO. OF STATIONS DETERMINED BY PROGRAM
NO. PUMPS PER STATION-STAGE 1
NO WET WELL
IMPROVED STRUCTURE

2

DOWNTIME

ECONOMIC OQUTPUT
INTEREST RATE
ENR INDEX

CITY MULTIPLIER
O&M WAGE

COST OF ELECTRICITY
COST OF LAND SITE IMPROVEMENT

COST BASED ON

0.0 PERCENT

(mw

.440E+04
0.100E+01
0.200E+02
0. 800E-01
0.000E+0Q0

4.34 MGD, BUILT IN 1990

- 100E+02 f

DIAM NO. OF POWER STRUCTURE SWITCHYARD
STATIONS CAPACITY COSTsS COSTS
(KvaA) (s) (s)
8.0 4 0.102E+04 0.252E+05 0.000E+00
10.0 2 0.711E+03 0.252E+05 0.0COE+Q0
12.0 1 0.668E+03 0.252E+05 0.000E+00
14.0 1 0.406E+03 0.252E+05 0.000E+00
16.0 1 0.298E+03 0.252E+05 0.000E+00
18.0 1 0.248E+03 0.252E+05 0.CO0E+00
20.0 1 0.222E+03 0.252E+05 0.000E+00
22.0 1 0.209E+03 0.252E+05 0.000E+0Q0
24.0 1 0.201E+03 0.252E+05 0.000E+00
COSTS FOR MECHANICAL AND ELECTRICAL EQUIPMENT FOR SINGLE STATION

FOR STAGE 1 BASED ON 0.434E+01 MGD,

COsSTS

OIAM HEAD PER
STATION

(IN) (FT)
8. 0.864E+03
10. 0.603E+03
12. 0.567E+03
14. 0.344E+03
16. 0.253E+03
18. 0.210£+03
20. 0.189E+03
22. 0.177E+03
24. 0.170E+03

MECHANIC
CosT
(s)
0.242E+06
0. 198E+06
0.191E+06
0.144E+06
0.121E+0Q6
0. 109E+06
0.103E+06
0.994E+05
0.972E+05

ELECTRIC
CosT
(s)
0.000E+00
0.000E+00O
0.000E+00D
0.000E+00
0. 0Q0E+00o
G.000E+CO
0. 0D00E+0O0
0.000E+0QO0
0.000E+0O
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MISC
CosT
(s)
0.915E+05
0.915E+05
0.915E+05
0.915E+05
0.915€E+05
0.915E+05
0.915E+05
0.915E+05
0.915E+05

BUILT IN 1990

CONSTRUCT

COST

(s)
0.466E+06
0. 409E+06
0.400E+0D6
0.339E+06
0. 30%E+06
0.294E+06
0.286E+06
0.281E+06
0.278E+06

OVERHEAD

CosT

(s)
0.117E+06
0.102E+06
. 399E+05
.848E+05
. 773E+05%
. 735E+05
. 714E+05
. 702E+0%
.635E+05

00O0O0O0O0O0O



MAPS COMPUTER PROGRAM OUTPUT

OPERATION AND MAINTENANCE COSTS FOR SINGLE PUMP STATION
COSTS FOR STAGE 1 BASED ON 0.434E+01 MGD FROM 1990 TO 2040
SUPPLY COST 0.241E+04 $/YR

LABOR COST C.178E+05 $/YR

DIAM HEAD POWER POWER TOTAL
REQUIRED REQUIRED COoSsT o&M
(IN) (FT) (KWHR/YR) ($/YR) ($/YR)
8.0 0.342E+04 0.714E+07 0.5S71E+06 0.S591E+06
10.0 0.119E+04 0.498E+07 0.3I99E+06 0.419E+06
12.0 O.557E+03 0.468E+07 0.375E+06 0.39SE+06
14.0 0.334E+03 0.285E+07 0.228E+06 0.248E+06
16.0 0.243E+03 0.209€+07 0.167E+06 0O.187E+06
18.0 0.200E+03 0.174E+07 0. 139E+06 0O.159E+06
20.0 0.179E+03 0.156E+D07 0.125E+06 0. 145E+06
22.0 0.167E+03 0.146E+07 0.117E+06 0.137E+06
24.0 0.160E+03 0.141E+07 0.113E+06 0. 133E+06
PUMP STATION COST SUMMARY
DIAM NO. OF STAGE 1
STATIONS CAPITAL o&M
COoST COST
(IN) (s) ($/YR)
8.0 4 0.233E+07 0.237E+07
10.0 2 0. 102E+07 0.838E+06
12.0 1 0. 500E+06 0. 395E+06
14.0 1 0.424E+06 0. 248E+06
16.0 1 0.387E+06 0. 187E+06
18.0 1 0.367E+06 0. 159E+06
20.0 1 D.357E+06 0. 145E+06
22.0 1 0.351E+06 0.137E+06
24.0 1 0.348E+06 0.133E+06



MAPS COMPUTER PROGRAM OUTPUT

PUMP NO. 4

MAXIMUM FLOW(STAGE 1)
AVERAGE FLOW(STAGE 1)
REQUIRED HEAD BASED ON FORCE MAIN MOD 5
RAW OR TREATED WATER PUMPING

YEAR BUILT

DESIGN LIFE
EFFICIENCY OF PUMP AND MOTOR
MAXIMUM HEAD PER STATION
NO. OF STATIONS DETERMINED BY PROGRAM
NO. PUMPS PER STATION-STAGE 1
NO WET WELL
IMPROVED STRUCTURE

0.204E+01 MGD
0.204E+01 MGD

1990

50 YEARS
0.600E+D02 PERCENT
0.100E+04 FT

2

DOWNTIME

ECONOMIC OUTPUT
INTEREST RATE
ENR INDEX

CITY MULTIPLIER
O&%M WAGE

COST OF ELECTRICITY
COST OF LAND SITE IMPROVEMENT

0.0 PERCENT

0. 100E+02
0.440E+04
0.100E+01
0.200E+02
0.800E-01
0.000E+00

PERCENT

$/HR
$/KWHR
$

COST OF STRUCTURE AND SWITCHYARD FOR SINGLE STATION

COST BASED ON

2.04 MGD, BUILT IN 1990

DIAM NO. OF POWER STRUCTURE SWITCHYARD
STATIONS CAPACITY COSTS COSTS
(Kva) (s) (s)
8.0 1 0.284E+03 0.193E+05 0.000E+00
10.0 1 0.114E+03 0.193E+05 0.00CE+QOC
12.0 1 0.651E+02 0.193E+05 0.000E+00
14.0 1 0.479E+02 0.193E+05 0.000E+Q0
16.0 1 0.408E+02 0.193E+05 0.000E+00
18.0 1 0.374E+02 0.193E+05 0.000E+00
20.0 1 0.357E+02 0.193E+05 0.000E+00
22.0 1 0.348E+02 0.193E+05 0.000E+0O
24.0 1 0.342E+02 0.193E+05 Q.000CE+00
COSTS FOR MECHANICAL AND ELECTRICAL EQUIPMENT FOR SINGLE STATION
COSTS FOR STAGE 1 BASED ON 0.204E+01 MGD, BUILT IN 1990
DIAM HEAD PER MECHANIC ELECTRIC MISC CONSTRUCT OVERHEAD
STATION CosT CcosT COosT CosT CosT
(IN) (FT) (s) (s) (s) (s) (s)
8. 0.512E+03 0.108E+06 0.000E+00 0.648E+05 0.250E+06 0.625E+05
10. O.205E+03 0.647E+05 0.000E+00 0O.648E+05 0. 193E+06 O.484E+05
12. D0.118E+03 0.473E+05 0.000E+00 0O.648E+05 0.171E+06 0.427E+05
14. 0.86SE+02 0.398E+05 0.00DE+00 0.648E+05 0.161E+06 0.403E+05
16. 0.736E+02 0.364E+05 0.000E+00 0.648E+05 0.157E+06 0. 392E+05
18. 0.675E+02 0.347E+05 0.000E+00 0.648E+05 0.154E+06 O.336E+05
20. 0.645E+02 0.338E+05 0.000E+00 0.648E+05 0.153E+06 0. 383E+05
22. 0.628E+02 0.333E+05 0.000E+00 0.648E+05 0.153E+06 0. 382E+05
24. 0.618E+02 0.330E+05 0.000E+00 0.648E+0S 0.152E+06 0.381E+05
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MAPS COMPUTER PROGRAM OUTPUT

OFERATION AND MAINTENANCE COSTS FOR SINGLE PUMF STATION
COSTS FOR STAGE 1 BASED ON 0.204E+01 MGD FROM 1990 TO 2040
SUPPLY COST 0.119E+04 $/YR

LABOR COST 0.115SE+05 $/YR

DIAM HEAD POWER POWER TOTAL
REQUIRED REQUIRED COoSsT o&M
(IN) (FT) (KWHR/YR) ($/YR) ($/YR)
8.0 0.502E+03 0.19%9E+07 0.159E+06 0O.172E+06
10.0 O0.195E+03 0.796E+06 0.637E+05 0. 764E+05
12.0 0.108E+03 0.457E+06 0.365E+05 0. 492E+05
14.0 0.76SE+02 0.336E+06 0.269E+05 0. 396E+05
16.0 0.636E+D02 0.286E+06 0.229E+05 0. 355E+05
18.0 D0.57SE+02 0.262E+06 0.210E+05 0. 337E+05
20.0 0.545E+02 0.250E+Q06 0.200E+05 0. 327E+05
22.0 DO.528E+D02 0.244E+06 0.195E+05 0. 322E+0S
24.0 0.518E+02 0.240E+06 0.192E+05 0. 319E+05
PUMP STATION COST SUMMARY
DIAM NO. OF STAGE 1
STATIONS CAPITAL o&M
cosT CcosT
(IN) (s) ($/YR)
8.0 1 0.312E+06 0. 172E+06
10.0 1 0.242E+06 0. 764E+05
12.0 1 0.214E+06 0.492E+05
14.0 1 0.201E+D6 0.396E+05S
16.0 1 0.196E+06 0. 355E+05
18.0 1 0.193E+06 0.337E+0S
20.0 1 0.192E+06 0. 327E+05
22.0 1 0.191E+06 0. 322E+05
24.0 1 0.190E+06 0. 319E+05



MAPS COMPUTER PROGRAM OUTPUT
PUMP NO. 5
MAXIMUM FLOW(STAGE 1)
AVERAGE FLOW(STAGE 1)

REQUIRED HEAD BASED ON FORCE MAIN MOD

RAW OR TREATED WATER PUMPING
YEAR BUILT
DESIGN LIFE
EFFICIENCY OF PUMP AND MOTOR
MAXIMUM HEAD PER STATION

NO. OF STATIONS DETERMINED BY PROGRAM

NO. PUMPS PER STATION-STAGE 1
NO WET WELL
IMPROVED STRUCTURE
DOWNTIME

ECONOMIC OUTPUT
INTEREST RATE
ENR INDEX

CITY MULTIPLIER
O&M WAGE

COST OF ELECTRICITY
COST OF LAND SITE IMPROVEMENT

0.156E£+01
0. 156E+01
)

1990

S50 YEAR
0. 600E+02
0. 100E+0¢

2

0.0 PER

0.100E+02
0.440E+04
0.100E+01
0.200E+02
0.800E-01
0.000E+00

MGD
MGD

s
PERCENT
FT

CENT

PERCENT

$/HR
$/KWHR
s

COST OF STRUCTURE AND SWITCHYARD FOR SINGLE STATION

COST BASED ON

DIAaM

8.0
10.0
12.0
14.0
16.0
18.0
20.0
22.0
24.0

COSTsS
COsSTS

DIAM

(IN)
8.
10.
12.
14,
16.
18.
20.
22.
24.

NO. OF

1.56 MGD, BUILT IN 1990

POWER

STRUCTURE SWITCHYARD

STATIONS CAPACITY

e i N S S TRy

{(KvaA)
0.215E+03
0.834E+02
0. 460E+02
0.326E+02
0.271E+02
0.245E+02
0.231E+02
0.224E+02
0.220E+02

COSTS
(s)
0.176E+05
0.176E+Q05
0.176E+05
0.176E+05
0.176E+05
0.176E+05
0.176E+05
0.176E+05
0.176E+05

COSTS
(s)

0.000E+00D
0.000E+0C
0.000E+00
0. O0OCE+0O0
0. 000E+00
0.000E+0O0
0.000E+00
0. 000E+00
0. 0O00E+0DD

FOR MECHANICAL AND ELECTRICAL EQUIPMENT FOR SINGLE STATION

FOR STAGE 1 BASED ON 0O.156E+01 MGD,

HEAD PER
STATION
(FT)
0.506E+03
0.197E+03
0.109E+03
0.771E+02
0.639E+02
0.577E+02
0.546E+02
0.529E+02
0.519E+02

MECHANIC
COsT
(s)
0.895E+05
0.527E+05%
0.377E+05
0.311E+05
0.280E+05
0.265E+05
0.257E+05
0.252E+05
0. 249E+05

ELECTRIC
CosT
(s)
0.000E+Q0
0.000E+00
0. 000E+00
0. 000E+DO
0.000E+0C
0. 0O00E+0Q
0. 000E+00
0. 000E+0O0
0. 000E+00

A-25

MISC
COsT
(s)
0.573E+0S
0.573E+0S
0.573E+05
0.573E+05
0.573E+05
0.573E+05
0.573E+05
0.573E+05
C.573E+05

BUILT IN 1990

CONSTRUCT
COosST
(s)
0.214E+06
0.166E+06
0. 146E+06
0.138E+06
0.134E+06
0.132E+06
0.131E+06
0. 130E+06
0.130E+06

OVERHEAC
CosT
(s)
0.534E+05
0.415E+05
0.366E+05
0.345E+05
0.33SE+05
. 330E+0S
.327E+05
. 325E+05
. 32SE+0S

0000



MAPS COMPUTER PROGRAM OUTPUT

OPERATION AND MAINTENANCE COSTS FOR SINGLE PUMP STATION
COSTS FOR STAGE 1 BASED ON 0.156E+01 MGD FROM 1990 TO 2040
SUPPLY COST 0.927E+03 $/YR

LABOR COST 0.984E+04 $/YR
DIAM HEAD POWER POWER TOTAL
REQUIRED REQUIRED COST o&M
(IN) (FT) (KWHR/YR) (s/YR) (e/YR)
8.0 0.496E+03 0.150E+07 0.120E+06 0.131E+06
10.0 0.187E+03 0.585E+06 0.468E+05 0O.576E+05
12.0 D.986E+D02 0.323E+06 0.258E+05 0. 366E+05
14.0 0.671E+02 0.229E+06 0.183E+05 0.291E+05
16.0 O.539E+02 0.190E+06 0.152E+0S 0.259E+05
18.0 U.477E+02 0.172E+06 0.137E+05 0.245E+05
20.0 0.446E+02 0.162E+06 0.130E+05 0.237E+05
22.0 0.429E+02 0.157E+06 O.126E+05 0.233E+05
24.0 0.419E+02 0.154E+06 0.123E+05 0.231E+05
PUMP STATION COST SUMMARY
DIAM NO. OF STAGE 1
STATIONS CAPITAL o&M
cosT cosT
(IN) (s) ($/YR)
8.0 1 0.267E+06 0.131E+06
10.0 1 0.207E+06 0.576E+05
12.0 1 0.183E+06 0.366E+05
14.0 1 0.172E+06 0.291E+05
16.0 1 0.167E+06 0.259E+05
18.0 1 0.165E+06 0.245E+05
20.0 1 0.163E+06 0.237E+05
22.0 1 0.163E+06 0.233E+05
24.0 1 0.162E+06 0.231E+0S



MAPS COMPUTER PROGRAM OUTPUT

PUMP NO. 6 °

MAXIMUM FLOW(STAGE 1)
AVERAGE FLOW(STAGE 1)
REQUIRED HEAD BASED ON FORCE MAIN MOD 7
RAW OR TREATED WATER PUMPING

YEAR BUILT

DESIGN LIFE
EFFICIENCY OF PUMP AND MOTOR
MAXIMUM HEAD PER STATION

NO.

NO. PUMPS PER STATION-STAGE 1
NO WET WELL
IMPROVED STRUCTURE

0.130E+01 MGD
0.130E+01 MGD

1990

S0 YEARS
0.600E+02 PERCENT
O0.100E+04 FT

OF STATIONS DETERMINED BY PROGRAM

2

DOUWNTIME 0.0 PERCENT
ECONOMIC OUTPUT

INTEREST RATE 0. 100E+02 PERCENT
ENR INDEX 0.440E+04

CITY MULTIPLIER 0. 100E+0D1

O&M WAGE 0.200E+02 $/HR
COST OF ELECTRICITY 0.800E-01 $/KWHR

COST OF LAND SITE IMPROVEMENT 0.000E+Q0 s

COST OF STRUCTURE AND SWITCHYARD FOR SINGLE STATION
COST BASED ON 1.30 MGD, BUILT IN 1990

DIAM NO. OF POWER STRUCTURE SWITCHYARD
STATIONS CAPACITY COSTS COSTS
(Kva) (s) (s)
8.0 1 0.923E+02 0.165E+05 0.000E+00
10.0 1 0.480E+02 0.165E+05 0O.000E+00
12.0 1 0.353E+02 0.165E+05 0.000E+00
14.0 1 0.307E+02 0.16SE+05 0.000E+00
16.0 1 0.288E+02 0.165E+05 0.000E+00
18.0 1 0.280E+02 0.16SE+05 0.000E+00
20.0 1 0.275E+02 0.165E+0S 0.000E+00
22.0 1 0.272E+02 0.165E+05 0.0D00E+00
24.0 1 0.271E+02 0.165E+05 0.000E+00
COSTS FOR MECHANICAL AND ELECTRICAL EQUIPMENT FOR SINGLE STATION
COSTS FOR STAGE 1 BASED ON 0.130E+01 MGD, BUILT IN 1990
DIAM HEAD PER MECHANIC ELECTRIC MISC CONSTRUCT OVERHEA!
STATION cosT COsT cosT CoSsT cosT
(IN) (FT) (s) (s) (s) (s) (s)
8. 0.262E+03 0.546E+05 0.000E+00 0.527E+05 0. 161E+06 0.403E+05
10. 0.136E+03 0.378E+05 0.000E+00 0.527E+05 O.139E+06 0. 348E+0S
12. 0.100E+03 0.318E+05 O.000E+00 0.527E+05 O.131E+06 0. 329E+05
l14. 0.871E+02 0.29S5E+05 0.00CE+00 0.527E+05 O.128E+06 0. 321E+05
16. 0.817E+02 0.284E+05 0.000E+00 0.527E+05 0.127E+06 0. 317E+05
18. 0.792E+02 0.279E+05 0.000E+00 0.527E+05 0. 126E+06 0.316E+05
20. 0.779E+02 0.277E+05 0.000E+00 0O.527E+05 0. 126E+06 0. 315E+05
22. 0.772E+02 0.275E+05 0.000E+00 0.527E+05 0. 126E+06 0.315E+05
24. 0.768E+02 0.27SE+05 0.0D0E+00 O.S527E+05 0. 126E+06 0. 314E+05
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MAPS COMPUTER PROGRAM OUTPUT

OPERATION AND MAINTENANCE COSTS FOR SINGLE PUMP STATION
COSTS FOR STAGE 1 BASED ON 0.130E+01 MGD FROM 1990 TO 2040
SUPPLY COST 0.782E+03 $/YR

LABOR COST 0.885E+04 $/YR

DIAM HEAD POWER POWER TOTAL
REQUIRED REQUIRED CosT o&M
(IN) (FT) (KWHR/YR) ($/YR) ($/YR)
8.0 0.252E+03 0.647E+06 0.518E+05 0.614E+05
10.0 0.126E+03 0.336E+06 0.269E+05 0. 365E+05
12.0 0.900E+02 0.247E+06 0O.198E+05 0.294E+05
14.0 0.771E+02 0.216E+06 0.172E+05 0.269E+05
16.0 0.717E+02 0.202E+06 0. 162E+05 0.258E+05
18.0 0.692E+02 0.196E+06 0.157E+05 0.253E+05
20.0 0.679E+02 0.193E+06 0.154E+0S 0.251E+05
22.0 0.672E+02 0.191E+06 0.153E+05 0.249E+05
24.0 0.668E+02 0.190E+06 0.152E+05 0.248E+05
PUMP STATION COST SUMMARY
DIAM NO. OF STAGE 1
STATIONS CAPITAL o&M
cosT CosT
(IN) (s) ($/YR)
8.0 1 0.201E+06 0.614E+05
10.0 1 0.174E+06 0. 365E+05
12.0 1 0. 164E+06 0.294E+05
14.0 1 0. 160E+06 0.269E+0S
16.0 1 0. 15%9E+06 0.258E+05S
18.0 1 0.158E+06 0.253E+05
20.0 1 0.158E+06 0.251E+05
22.0 1 0.157E+06 0.249E+05
24.0 1 0.157E+06 0.248E+05
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